





MARCH, 1917 


THE SCIENTIFIC 
MONTHLY 


CONTENTS 


The, Adoption of the Metric System in the United States: 
The Metric System from the Standpoint of Electrical Weed 
Professor ArTtHuR E. KENNELLY : : 
The Metric System from the Pan-American Standpoint. Wuu1aM 
C. WELLSs : ° 
The Metric System i in Every-day Life. Professor H. V. Agny , 
The Metric System from the Standpoint of the Wholesale Grocers 
and Canning Industry. Frep R. Drake . : , , : 
Wholesale Druggists and the Metric System. Dr. Apo_pn W. 
MILLER. : : , 
The International Language of Ww eights and Measures. Dr. GrorGE 
F. Kunz . , : ; ; 
Biology and the Nation’s Food. Dr. Ww. ‘J. SprLius AN 
Adventures of a Watermol. Professor H. L. Faircuiip ° 
The Experimental Method and Sociology. Professor F. Stuart Cuan | 
Families of American Men of Science. Professor J. McKrzn Carrey 
The Fundamental Nature of Population. Professor Spencer TRrotTrer 
The a Gulf Tlree Million Years ao. Professor Epwarp W. 
ERRY . ; , : ‘ ; ia 


The Progress of Science: 


The Scripps Institution for Saaawa Research; By-Products of the Forests ; Scien- 
tific Items . ° . ° ° ° . ° 


THE SCIENCE PRESS 


LANCASTER, PA. GARRISON, N. Y. 
NEW YORK: Svs-Sration 84 
Smvotz Noumper, 30 Cents YEARLY Susnscriprion, $3.00 





CoPpYRicGat, 1916, sy THE SCIENCE PRESS 









Just Publisht 


Bowman’s Andes of Southern Pery 


By Isatran Bowman, Director of the American Geographical 
Society. With topographic maps and illustrations from 
photographs. xi+336 pp. S8vo, $3.00 net. 


ee ee ae aS 
Min atte ? 


PSSM FAO RONBE ITN 


a 









This is the first volume in a noteworthy new series 
published by the American Geographical Society thru Henry 
Holt and Company. The series is written in a style that 
should appeal to the general reader, and at the same time 
to the explorer, the traveler, and the professional geographer. 
The series includes reprints of geographical classics; and also 
first printings of explorers’ journals and rare manuscripts, as 
well as works of original scholarship. 
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One of the most striking features of the series is the 
excellence of the illustrations. No series yet issued in this 
country, outside government publications, have maps of such 
high quality. Moreover, the maps are distinctive and repre- 
sent new discoveries in the fields of exploration and research. 


The first half of this initial volume is largely narrative 
and so-called human geography; the second half deals with 
the physical geography of a section of Peru hitherto unex- 
plored by a scientific expedition. The topics discussed in- 
clude the Canyon of the Urubamba, the rubber forests, the 
forest Indians, the country of the shepherds, the coastal 
desert, regional topography, former glaciation, the develop- 
ment of cirques, the snow line of the tropics, crest lines of 
the Andes, and the climate of the Peruvian highland. 
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THE ADOPTION OF THE METRIC SYSTEM IN THE 
UNITED STATES 


Tus Metric SYSTEM FROM THE STANDPOINT OF ELETRICAI 
ENGINEERING 


By ARTHUR E. KENNELLY, Sc.D., A.M. 


PROFESSOR OF ELECTRICAL ENGINEERING, HARVARD UNIVERSITY AND MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


) is now generally admitted by the great majority of intelligent per- 
sons in America, that the metric system is a much simpler and 
better system than the customary Anglo-American system of weights 
and measures. Including all the units appearing in our regular Amer- 
ican school lists of length, area, volume, dry measure, apothecaries’ 
measure, liquid measure, cord measure, avoirdupois and troy weight, 
there are in vogue about forty units with numerous and miscellaneous 
numerical cross ratios; whereas the metric system employs only two 
the meter and the gram, with derivatives, provided it be admitted that 
a decimal derivative is merely the same unit with a shift of the decimal 
place. Thus in the case of a sum of money expressed both in dollars 
and in cents, the cent may be considered to be included within the 
dollar unit. A considerable amount of our school arithmetic is occu 
pied in learning tedious conversions from one measure to another, o1 
from one unit to another unit of the same measure, all of which is 
saved and eliminated from the arithmetic of foreign countries. 
Moreover, apart from the question of relative simplicity 
metric and Anglo-American systems, the fact is self-evident that th 
metric system is an international system, in the sense that all the a 
curate scientific work of the world is done in that system, in America 
or elsewhere, and also that it is the system used in every-day life by tl 
civilized peoples all over the world, except in America, Great Britain 
and her colonies. It is surely inevitable that when two systems of 
one clumsy, complex and crude, the other simple and scientific, ar 
1 A conference held under the auspices of the Section of Social and Economie 
Science of the American Association for the Advancement of Science, New York, 
December 26, 1916. 
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operating side by side, the world is too small to permit of both being 
continued indefinitely. Sooner or later the complex system of one set 
of peoples must give way to the simple system of many sets of peoples, 
each of which has already thrown over its original system in favor of 
that simple system. 

It appears, therefore, that the real question to be considered at this 
time, is not whether the Anglo-American system shall or shall not be 
indefinitely retained. That question was settled long ago, when all the 
other countries of the world came, one by one, to adopt the metric sys- 
tem. The real question is how, and how soon, the English-speaking 
peoples should change to the international metric system. Deferring 
the change does not make it any easier. The longer we put it off, the 
longer we cut ourselves off from full quantitative concourse with the 
rest of the civilized world, and the harder we make the exchange of 
ideas and the exchange of commodities. Already the English-speaking 
peoples are intellectually beleaguered by all the other peoples, who 
regard us in this matter as on a lower level of development. Our books 
and writings, in all quantitative statements of the customary system, 
are either neglected or ignored, on account of the difficulty of under- 
standing them. Moreover, they are ambiguous even to ourselves; be- 
cause the respective wet and dry American pint, quart and gallon differ 
from each other and from the corresponding British quantities, by a 
very considerable percentage, not to speak of the different kinds of 
pounds and tons; so that when we see any of these units in general 
literature, we often do not know which is meant. 

The principal objection raised against the general introduction of 
the metric system is the expense which the change would involve. Some 
go so far as to assert that the change would necessitate the rejection 
and destruction of a large amount of machinery and machine tools 
throughout the country. There seems to be no warrant for the latter 
belief. In France, Germany, Italy and other countries which have 
adopted the metric system, the history of the change indicates that the 
only machines destroyed or put out of commission by the change were 
those which made the old measures. A machine for turning out foot- 
rules or pound weights would clearly call for considerable modification 
or even for rejection. Such special machines would, however, be rela- 
tively very few, and the new business involved in making the new 
measures would be likely to compensate for this loss. No ordinary 
machines, such as lathes, drills, shapers, etc., would have to be changed 
if the metric system were adopted: because no one would be likely to 
insist upon having things changed to exact even sizes in the new measure- 
ments. The same old tools would go on making the same old things; 
but the numerical values of the sizes made would be altered. At the 
present time, the sizes of parts are seldom exact unit sizes. They have 











een a mane 


ey RS 









4 


- 

















& 
: 

; 
* 
é 








THE METRIC SYSTEM 195 


ordinarily to be expressed in units and decimals, especially when pre- 
cision is required ; so that, under the new system, there would be merely 
a recataloguing under new units and decimals. There would certainly 
be expense connected with the change; but it would be more of an intel- 
lectual character than of a material character. It would be essentially 
the expense of learning the new system, and of becoming familiar with 
it. It would be the expense of recataloguing, reestimating, altering 
the sizes of parcels and of purchases, together with the expense of the 
mistakes that would naturally occur during the transition period. An 
appreciable source of expense would lie in the translation of sizes and 
other recorded quantities in books, blueprints and general literature. 
All changes for the better involve some inconvenience and expense. The 
national and international advantages would, it is generally conceded, 
go far beyond defraying the necessary inconvenience and expense of 
changing the numerical scales and measures of the things which we 
use. It is not likely that this would involve any appreciable change in 
the things themselves. 

The individuals most inconvenienced by the change would probably 
be the intellectually aged, who could not change their fixed habits of 
thought even into simpler channels, and those engaged in businesses in- 
volving numerous records, such as surveyors or manufacturers with 
large numbers of lists and drawings of sizes and parts. On the other 
hand, many classes of the community, such as merchants, professional 
men, farmers and manual workers, would have but little difficulty in 
their part of the transition. 

The American Institute of Electrical Engineers took a canvass in 
1902 of their membership, on the question of the adoption of the metric 
system by congress. A large majority were in favor of the change. 
Electrical units, which are international and in world-wide use, are 
already metric. That is to say the volt, ohm, ampere, etc., used in all 
electrical engineering are derived from and based on the metric system. 
The use of such units in connection with the Anglo-American units is 
made unnecessarily awkward, and a change to the metric system would 
simplify the use of electric units. All the monthly bills for electric 
lighting and power rendered from electric meter registrations in the 
United States are already metric. Every nickel’ or five-cent piece fresh 
from the mint, weighs just five grams by law. In these and a few 
other matters of daily life, we have already changed to the metric system 
in the United States. 

In view of the inconvenience of a change in America to the metric 
system, no sudden transition should be invoked by congressional action. 
Ample time for preparation should be allowed in any legislation directed 
towards the change. In this way, lists, catalogues, and sizes could all 
be tabulated in advance in both systems, side by side, so that gradually 
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the old numerical values could be dropped. The easiest and least ex- 
pensive way of introducing the system would probably be to have certain 
United States government departments adopt the system exclusively 
after a certain date. Only those persons or firms dealing directly with 
those departments would then be compelled to change their listings and 
prices. Gradually, the process would be likely to extend into general 
literature, business and manufacture, without the exercise of compul- 


sion. 


THE METRIC SYSTEM FROM THE PAN-AMERICAN 
STANDPOINT 


By WILLIAM C. WELLS, LL.B. 


CHIEF STATISTICIAN PAN-AMERICAN UNION, WASHINGTON, D. C. 


HE Pan-American Union was created by a resolution adopted in 
the First International Conference of the American republics 
held in Washington in 1889. All the twenty-one independent republics 
of North and South America join together in the support and main- 
tenance of the institution which is governed by a board consisting of 
the secretary of state, ex officio, and the diplomatic representatives in 
Washington of the twenty Latin American republics. Its general pur- 
pose is to create and foster a larger commercial and intellectual inter- 
course between the republics of the American continent. It is an all 
American institution interested in every question which does or might 
concern the two Amerieas, among which the question of weights and 
measures is not the least important. 

If there is one thing in the future that can be predicted as a truth 
with more certainty than another it is the changing position of the 
United States in respect to its foreign commerce. This change, while 
it will be accelerated by the war, is in no way a result thereof. It is 
due entirely to our own development, consequently creating a changed 
international commercial status for the United States. It is industrial 
evolution in its comparative relations. 

Formerly our exports were of raw materials, primary food products, 
slightly wrought commodities, in fact, of those things wherein the larger 
commercial values were represented by the work of nature and the lesser 
values by the work of man. We were selling primarily the minerals 
from our hills, the trees from our forests, and in our cotton and our 
grain the fertilizing elements of our soils. We were selling for the most 
part the handiwork of nature and not of man. We were depleting our 
capital resources—but on the whole not at a loss. We were following 
the natural highway of evolution from the forest and mining industries 
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to the pastoral, to the agricultural and on to the mechanical. In a 
gense we were converting a part of our static capital into liquid capital. 
In the last decade or two the character of our exports has begun to 


change. Measured by values, we are selling less of the products of our 


mines, of our forests and of our fields and more of the products of our 
labor and skill. Where we sold lumber we are selling chairs, tables and 
desks, where we sold pig iron we are selling knives, plows and machinery. 

It is not necessary to elaborate this idea. It must be apparent to 
every one that we are coming to the point where our growing population 
will consume all our own food products, where our mills and factories will 
use all our own raw materials and where our only surpluses for export 
will be the finished and highly wrought products of these mills and 
factories. This is as it should be, for thus we shall be selling for the 
most what man creates and for the least what nature creates. What 
has all this to do with the metric system? Much, very much. 

Broadly speaking, all exports may be classed under two heads: First, 
such as sell themselves, that is, where the buying and selling machinery 
is for the most part put in operation by the buyer, and, second, such as 
must be sold; that is, where the machinery is operated almost entirely 
by the seller. These two classes correspond almost exactly with the 
two other classes first indicated above, viz., raw materials and primary 
food products, on the one hand, and finished and highly wrought com- 
modities, on the other. 

Cotton, wheat, flour, lumber, unwrought metals, oils, hides, wool, 
meat and the like sell themselves. Wherever in the world these things 
are needed and there is the price to pay, the buyer sets in operation the 
machinery to secure them. The farmer does not have to send out com- 
mercial travelers to sell his cotton. He does not have to advertise it in 
the papers. He delivers it to the railway and here it is caught up by a 
machine in no wise of his creation which finally dumps it down at some 
factory door, where, the farmer never knows; it may be in Massachu- 
setts and it may be in Italy. But for the factory that spins the cotton 
into yarn and weaves the yarn into cloth it is another matter. This 
cloth does not sell itself. It must be sold and its maker must find a 
market for it. The impulse begins at the factory, it follows through 
the broker, the wholesaler, the retailer down to the ultimate consumer. 
Cloth, knives, plows and desks must be pushed from behind. They are 
not pulled from in front as is cotton, wheat and pig iron. 

It is here that we come to the point where weights and measures are 
important. It is a matter of small or even no moment to the foreign 
purchaser of our wheat and cotton that as produced they were measured 
in bushels and pounds. These measures are not stamped upon the 
wheat, cotton, oil, iron, copper and the like. If he wishes to buy 1,000 
metric quintals or 1,000 liters of any of these, it is a matter of no in- 
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terest to him that the producer in the United States measured the 
product by pounds, bushels or gallons. It is a matter of little interest 
that on the manifest of the ship that brought him these goods they were 
denoted by these measures. All this can be changed and is easily 
changed. Not so if the goods be shoes, cloth, screws, clothing, tools and 
machinery. Here the inch, the yard and the pound are wrought into 
the article as a part of its warp and its weft. He can not sell them, his 
customers will not buy them. What do they know of a 154 collar or 
the No. 8 shoe? The shopkeepers can not sell the yard-wide cloth to 
people who are used to buying meter-wide cloth. The artisan who needs 
a 24 centimeter chisel will not take an inch chisel instead. The man 
who needs a bolt or a nut threaded to the metric scale will not take such 
as are threaded to the inch scale. Nothing fits, nothing suits, and finally 
nothing is salable. 

Our changing foreign trade demands a change in our customary 
measures. So long as we cling to our inches, yards, pounds and gallons 
we carry a weight, a useless weight, that of itself is sufficient to hold 
us back from that first place as an exporter of highly wrought manu- 
factures which is ours by right of skill, enterprise and resources. 

The importance of the metric scale in foreign commerce even now 
presses hard upon us, and it will press harder and yet harder in the 
future. We must adopt the metric scale, because nearly all the rest of 
the world, save England and Russia, has adopted it and this world is 
the market in which we must buy and sell. 

Furthermore, we should adopt it because of its inherent merits, its 
vast superiority even for domestic use over our present system. I think 
I may say without fear of successful challenge that, while any intelli- 
gent child can learn and carry in his mind the whole metric system in 
three lessons and any adult can master the same in one hour or less of 
serious study, no man ever has, and probably no man ever will, master 
the United States system of weights and measures. Personally I would 
rather undertake to commit to memory the multiplication table up to 
the factor of 100 than undertake such a task as this. Take the case of 
bushels and barrels, measures upon which millions upon millions in 
values of products are bought and sold; there are scores upon scores of 
different bushels and hundreds upon hundreds of different barrels cus- 
tomary, standard and legal in use in the United States. 

The metric system is simplicity itself. It has many merits in nomen- 
clature in interchangeability from lengths to weight to volumes, but the 
chief merit to my mind is that it has the same base ratio throughout. 
Measures should have the same base ratio. That they have not is one 
of the principal inherent weaknesses of our English system as com- 
pared with the metric system. For example, suppose that our system 
had as its base 12—12 inches to the foot, 12 feet to the yard, 12 yards 
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to the rod, 12 rods to the mile; 12 drams to the ounce, 12 ounces to the 
pound, 12 pints to the quart, 12 quarts to the bushel and so on; then 
the superiority of the metric system with its base 10 would not be so 
apparent. This would be true even though there were no interrelation 
between inches, drams and pints. The interrelation in the metric sys- 
tem between meters, liters and grams is purely artificial. Its value is 
principally in the determination of the standards and not in their use. 
The important thing is the identity in base ratios. Were it not that we 
are not at the beginning of things, 12 would be a much better ratio than 
10, because of the many aliquot factors in 12—2, 3, 4,6. But neither 
12, nor any other number than 10, can be made the base ratio, because 
measures of weights, lengths and capacities are bound up in the larger 
subject of numbers. Our system of numerical notation is based upon 
the ratio of 10. It might have been based upon 12 and would in all 
probability have been the better therefore, but it was not, and so our 
system of measures must likewise be based on 10. All the world counts 
by tens and most of the world measures its money by tens. Compare 
our money values, ten cents a dime, ten dimes a dollar, with English 
money having no constant ratio, four farthings a penny, twelve pence 
a shilling, twenty shillings a pound, not to mention five and twenty-one 
as the ratios of crowns and guineas, and one immediately sees the great 
advantage of ours over the English system. The child has to learn only 
one thing, viz., the progression of values, the ratio is constant. He is 
not in any danger of making the mistake often made by the English 
child of getting his twelves and his twenties mixed. But the real diffi- 
culty comes when the English child begins to put his values down on 
paper, when he begins to add, subtract, multiply and divide English 
money values. This difficulty lasts him through life. How many 
Americans off-hand can give the correct answer in pounds, shillings and 
pence to the simple problem of 100 units at 74d. per unit? (£3 2s. 
6d.) Yet every American can answer immediately the problem in dol- 
lars and cents of 100 units at 74 cents. 

One must be a little on the outside in order to get the right view. 
The facility with which the Englishman handles his twelves and his 
twenties does not detract from our wonder that he is able to do it, nor 
change our judgment that this facility represents an enormous waste of 
effort. So to the Frenchman or German our apparent ease in handling 
twos, fours, twelves, sixteens and thirty-twos, in pints, quarts, inches, 
ounces and bushels is a subject of wonder, but not of envy. 

A mile has 8 furlongs, a furlong 40 rods, a rod 2} fathoms, a fathom 
2 yards, a yard 3 feet, a foot 12 inches and an inch 3 barley corns. A 
ton has 20 ewt., a hundred weight has 100 lbs.—unless it be a long ton 
and then it has 112 lbs.—a pound has 16 ounces—unless it be a troy 
pound—an ounce has 16 drams and a dram has 27'%p» grains. This is 
all as wonderful as a cubist painting. 
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Nevertheless, we can be of good cheer. There is worse to come. A 
Frenchman, a German or a Brazilian has one quart—he calls it a liter 
and it is the same in France, in Germany and in Brazil. We have two 
quarts, the wet and the dry. One of them is smaller than the liter and 
the other is larger. Our housewives must measure their molasses and 
vinegar in the one and their flour and beans in the other, otherwise the 
domestic economy goes all awry. 

Pints, quarts, gallons and bushels are an inheritance from Great 
Britain, the British wine gallon being the basis of our wet measures and 
the Winchester bushel of our dry. But the British have discarded both, 
and adopted a new and larger standard gallon and bushel. So 50 gal- 
lons doesn’t seem to mean much of anything unless one knows whether 
it is whiskey or walnuts, American or English. But the term bushel is 
used commercially in two senses, as a measure of volume and as a con- 
ventional weight. The two are supposed to be interchangeable and are 
so considered, but they are not. The farmer measures ‘his grain by 
volume, the buyer by weight. The volume bushel is standard, the same 
in every state, but the weight bushel, the bushel of larger commerce, 
is not. Wheat is 60 lbs. everywhere. Rye is 56 lbs. in most states, but 
is 54 in California and 50 in Maine. Barley is 48 lbs. in the larger 
number of states, but is 45 in Arizona, 46 in Oregon, 47 in Pennsylvania, 
Kentucky, Georgia and Alabama, and is 50 in California. Buckwheat is 
40 lbs. in California, 42 in N. Dakota, S. Dakota, Oregon and Wash- 
ington, 48 in nine states, 50 in seven, 52 in eleven and 56 in Kentucky. 
Shelled corn may be anywhere from 50 to 58 Ibs. and corn in the ear 
may vary by law according to the month in which it is weighed. One 
of the most familiar units of commercial measure is the barrel. Apples, 
potatoes, vegetables generally, flour, lime, crude oil, cement and dozens 
of other commodities are customarily bought and sold by the barrel. 
For farm produce the measure is ordinarily one of volume, for flour, 
lime, etc., it is of weight based on volume. It is important to know 
what is the size of the base barrel. There is no such thing. A bushel 
by size is standard, but there is no standard barrel or rather there are 
hundreds of standards. The result is that we have all the difficulties 
of the bushel multiplied scores of times over. 

One could pursue this vein through many channels and everywhere 
the same condition is met, confusion and uncertainty, entailing com- 
mercial loss and inefficiency. Applied to foreign commerce the whole 
mass of incongruities known as the American system of weights and 
measures is impossible. But we are told that we can not change it, 
that it is too firmly fixed. I doubt this. 

There are certain manufacturing industries whose tool equipment, 
upon the inch and foot gauge, can not be adjusted to the meter gauge, 
but these are very few. Most tools can be adjusted at but little cost. 
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For the rest the change here would be easy as it has proved easy in every 
country which has adopted the metric system. This statement is some- 
times denied. The denial, however, is based upon a confusion of ideas. 
It has been found somewhat difficult in countries adopting the metric 


scale to do away with the names of the most used measures, such as 


yards, quarts, pounds, miles, etc., or rather of the equivalents of these 


English words in the language of the country adopting the new system. 
Pound, libra, livre, pfund, etc., was an almost universal measure. Not 
always the same, of course, but in most cases very nearly the same. Now 
in substituting kilogram for pound, it has been found that people were 
slow to substitute the new word. Take all the various pounds of 
France, the German states (all different), Austria, Hungary, Scandi- 
navia, Italy, Spain, etc., in general the kilogram was two pounds or a 
little over. What happened? The people kept the word, but applied it 
to a half kilogram, 500 grams. So we have at present the pfund in 
Germany, which is not at all the old Hanoverian, Saxon or Bavarian 
pfund, but is 500 grams. So likewise we have the libra in many Latin 
American countries, but it is not the old Spanish libra; it is, as in Ger- 
many, the half kilo. 

It has been found very easy to substitute the thing, although some- 
times difficult to substitute the word. It is the thing that we who advo- 
cate the metric system desire, the word is of less importance. It matters 
but little if having the meter we continue to use the word yard. The 
important thing is that it be of meter length and divided decimally. 
I can remember in my childhood that people spoke of shillings and 
pence—ninepence, two and threepence, shilling, fourpence halfpenny. 
Strangers might have thought that a hundred years after the adoption 
of the dollar standard folks in Virginia were yet using English money 
to count with. Nothing of the kind. The words were an English in- 
heritance, but the thing itself was of pure American invention, and its 
basis was a dollar divided in six parts—eight in New York. Two and 
threepence was 374 cents and fourpence halfpenny was 6} cents. These 
values were approximately two thirds of English values and in New 
York but little over one half. 

Scarcely a vestige of the old standard is left in any country that 
has adopted the metric system. Now and ther in Latin American coun- 
tries one will hear the old words, but almost always with a meaning 
adapted to the new scale. Sometimes apparently the old measure is 
kept. Thus, in Chile in the nitrate industry apparently they keep the 
old Spanish quintal, 100 Spanish pounds, a little over 101 lbs. avoirdu- 
pois. This seemed curious to me, the more so since all Chilean statis- 
tical reports give weights of nitrate in the metric scale. When I was 
last in northern Chile I enquired into this and found that there was not 
& weighing machine in all the nitrate fields graduated to the old Spanish 
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scale. They used the metric scale, but they measured 46 kilograms to 
the quintal, and 46 kilograms is not exactly the old quintal. 

That we must, and furthermore that we shall, come to the metric 
system is to my mind beyond question. First, because the exigencies 
of our foreign trade make it impossible for us to do otherwise, and sec- 
ond, because the present system is too cumbersome, too uncertain, too 
complicated and too difficult to learn even for our domestic uses. At 
the present time one may discern evidences of senility and breaking 
down in the constant and increasing multiplication of standards. A\l- 
most every fruit and vegetable now has its own container and these 
containers are becoming the customary and in many cases the legal 
standard of measure in purchase and sale. 

We can not help ourselves in the foreign trade, for there we must 
come to the metric system. It is, of course, quite possible to have two 
systems, such as, in fact, exist in England to-day, and even in this coun- 
try, although in a lesser degree. English manufacturers engaged in 
foreign trade work almost exclusively in the metric scale. In some cases 
English factories work in two scales, one for the foreign and one for the 
domestic trade. In the United States we are coming to the same con- 
dition. , 

The United States, Great Britain and Russia are almost the only 
countries now outside the fold of the metric system. Russia is only 
nominally outside, for nearly all Russian mechanical industry and the 
overwhelming proportion of its foreign trade is unchangeably based on 
the metric system. Prior to the war Great Britain had for practical 
purposes adopted the metric system in manufactures for foreign trade. 
Since the war the metric system has extended into other fields of com- 
merce even into the domestic trade. In the United States the progress 
has been less rapid, but our factories have turned out enormous supplies 
of war material manufactured to the metric scale, and to-day thousands 
upon thousands of our workmen are as familiar with centimeters and 
grams as they were formerly familiar with inches and ounces. 


THE METRIC SYSTEM IN EVERY-DAY LIFE 


By Prorgessor H. V. ARNY, Px.D. 
COLUMBIA UNIVERSITY 


HERE seems but little that I can add to the admirable addresses 
delivered by the distinguished men who have just presented their 
views. In fact, all I can do is to present a simple story of my own ex- 
periences with that beautiful, logical and simple system of weights and 
measures now used by 437,000,000 of the people of this globe. 
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In school, as a twelve-year-old youngster, along with other mon- 
strosities such as cube root, proportions involving the wildly exciting 
facts that if ten men in seven days could excavate a ditch 1,000 feet 
long; then three men in twelve days could excavate X feet of trenches, 
I learned that there was a foreign thing called the metric system; that 
it dealt with “decis” and “centis” and “kilos” and “millis” and 
“dekas”; that the thing they called the kilogram represented 
pounds, that the kilometer was 0.6213 miles. These data passed through 
the mind of the lad and along with cube root were shortly consigned 
by him to the limbo of uninteresting and unnecessary things. 

Later, as a pharmaceutical apprentice, I learned that this self-same 
metric system was used by the French physicians of the neighborhood 
in writing their prescriptions and there then came the first intimation 
that metric weights were of some practical use. Later in college, all 
pharmaceutical preparations were prepared by metric units and a month 
of use of such weights and measures brought a realization that their 
decimal subdivisions made them as superior to the ordinary units of 
weights and measures as dollars and cents are easier to calculate than 
are pounds, shillings and pence. 

Later, four years’ residence in Germany completed my metric con- 
version. In truth it might be stated that the first week did the work, 
since any one accustomed to our decimal system of currency finds that 
thinking in the metric system is merely the matter of using the units. 
In using the meter, one learns that it approximates the yard; in using 
the kilogram, the novice instinctively thinks of two pounds; in discuss- 
ing distance in kilometers, one quickly comes to the realization that the 
unit means about five eighths of a mile. And after a few weeks of such 
mental translating, one drops all thought of old units and thinks of 
quantities exclusively in kilos and meters. 

Despite assertions to the contrary, I found in Germany, barely 
twenty-five years after the official adoption by that country of the metric 
system, that all purchases I made were on the basis of the metric sys- 
tem. It is true that in the market places, the peasants talk of “ Pfunds” 
(pounds), but it is equally true that their “ Pfund ” is the official half- 
kilo weight. Nor do we have to cross the ocean to find such anachron- 
isms. In certain sections of this land we hear the silver quarter called 
the shilling; in other parts of the land it is called “two-bits”; while 
it is an undeniable fact that in one city the five-cent piece is still 
called to a certain extent “the picayune,” after a Spanish coin of six and 
a quarter cents value, that was used in that section a century ago. Nor 
do I believe that these colloquialisms prove the failure of our decimal 
system of currency. 

The only justification for the adoption of the metric units as the 
official standard of this country is: (a) The development of our foreign 
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trade demands the change. (b) The saving of time brought about by 
the use of the metric system would repay the annoyance incidental upon 
the change. 

The first proviso has been emphatically answered by the speakers 
who have preceded me; but I can add some testimony as to the time- 
saving properties of the system. 

As to this there have been a number of extravagant statements made 
by metric enthusiasts, but figures founded on experimental work hay: 
been rare. Accordingly a comparative test of the same problems ex- 
pressed in United States and metric units was made on third-year uni- 
versity students by having them solve the following commercial prob- 
lems. 

In order to eliminate the problem of fatigue, half of the students 
were given the metric, the other half were given the United States 


problems first. 

As to the problems themselves, the first four are ordinary transac- 
tions of retail trade. All eight of these (United States and also metric) 
could be calculated within three minutes and while metric units showed 
an advantage, it was so slight that the difference could be expressed only 
in seconds. The next two of each set involve practical problems of the 
chemical industry where liquids bought by the pound frequently are 


dispensed in gallons. The iast problem is taken from the Outlook of 
November 16, 1916, where the author of an article published in a pre- 
vious issue apologized for an error made in calculating the cubical 
capacity of the eight billion dollars claimed to represent the gold coin 
of the world. He acknowledged that while his article stated that eight 
billion dollars represented a cube of gold seventy feet on each side, the 
real figures were a cube of twenty-nine feet, or 25,641 cubic feet. 

If a distinguished financial publicist could make such an error, | 
was curious to see what a class of students could do with it in both sys- 
tems. The figures below show that the honors were even, although it 
is only fair to say that in the metric problem two were ruled out because 
of the improper placing of the decimal point. 

The results of the experiments are tabulated below. 


PROBLEMS BASED ON METRIC UNITS 


1. Cost of 22 tubes of tooth paste at $1.45 a ‘‘dizaine’’ (a package of 10). 

2. Cost of 2.26 kilos of quinine sulphate at 4.7 cents a gram. 

3. Cost of 27 kilos of coal at $7.70 a metric ton (1,000 kilos). 

4. Cost of 1.7 meters of cloth at 26 cents a meter. 

5. Cost of 7.27 liters of glycerin (sp. gr. 1.25) at 44 cents a kilo. 

6. Cost of 5 liters of sulphuric acid (sp. gr. 1.84) at 22 cents a kilo. 

7. A gold dollar contains 1.67 gm. gold. How many meters of gold (sp. gr. 19) 
would represent eight billion dollars? 
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PROBLEMS BASED ON OrDINARY (UNITED StTaTEs) UNITS 


_ Cost of 22 tubes of tooth paste at $1.75 a dozen. 

_ Cost of 5 Ibs. (avoirdupois) of quinine at $1.45 an avoirdupois ounce. 

8 Cost of 59 Ibs. of coal at $7.00 a ton. 

_ Cost of 70 inches of cloth at 24 cents a yard. 

. Cost of two gallons of glycerin (sp. gr. 1.25) at 20 cents an avoirdupois lb. 

3. Cost of 1§ gallons sulphuric acid (sp. gr. 1.84) at 10 cents an avoirdupois 
pound. 

. A gold dollar weighs 25.8 grains. How many cubic feet of gold (sp. gr. 19) 
would represent eight billion dollars? 


RESULTS OF THE TEST 


On Group I 


Metric U. 8. Measures 
Student 
Time Correct Out of Six Time Correct Out of Six 


15 minutes | 5 21 minutes 
ce € 18 “ee 
18 
14 
13 


92 


~ 
16 
10 


99 


16 
18 
12 
13 


8 
8 
12 
8 
9 
24 
13 


171 minutes 87 - minutes 


RESULTS OF THE TEST 


On Group II 


Metric U. 8. Measures 
Student 
Time Correct Out of 7 Time Correct 
5 minutes 
30 ” } ‘ ” 
95 4 ‘ « 
19 5 
23 5 
21 6 
26 6 
24 


19 minutes Gi 


‘é 


360 minutes 579 minutes 
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The figures just given show that one class of third-year university 
students did the first six problems in United States units in 227 min- 
utes, the similar metric problems took only 171 minutes; that, while a 
second group did all seven problems in United States units in 579 
minutes, they took only 360 minutes to do the same problems in metric 
units. It will also be noticed that the percentage of correct problems 
in the metric system is somewhat higher than those done with United 
States units; hence the metric system is not only a tremendous time- 
saver, but gives in the hands of the average student more accurate 
results. 

Enough, I think, has been said about the advantages of the metric 
system. Our presence here to-day attests to our belief that we should 
in the due course of time become a metric country. And now that we 
have come together, what are we going to do? It would be the worst 
of blunders if we, representing such diversified occupations, should not, 
before we separate, form a permanent organization aimed to disseminate 
the metric gospel among other commercial bodies until they too agree 
with us that it is high time for this country of ours to throw off the 
shackles of an Elizabethan set of standards and add our 110,000,000 
people to the 437,000,000 already using the metric system. 


THE METRIC SYSTEM FROM THE STANDPOINT OF THE 
WHOLESALE GROCERS AND CANNING INDUSTRY 


By FRED. R. DRAKE 


EASTON, PA, 


HE National Wholesale Grocers Association of the United States, 

with eleven hundred members in the forty-eight states of the 

Union, is now in its eleventh year and was organized at Buffalo in 1906 
to advance the welfare of the wholesale grocery trade. 

In 1912 at our St. Louis convention we began a campaign of edu- 
cation on the metric system looking to its eventual compulsory adoption 
by congressional enactment as soon as the electorate could be educated 
to a knowledge of its desirability. 

This work has been carried on under the direction of our pure food 
and legislative committee by a subcommittee on metric system. Of this 
latter committee I have had the honor and pleasure of being chairman. 

In 1912 many of our members were not fully informed as to the 
exact status of the metric system in the United States and before begin- 
ning our campaign of education, our committee undertook an exhaustive 
examination of literature on the subject as well as an investigation of 
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the practical working of the system in the countries which had adopted 
it. It is doubtless known to many of you that a mere bibliography of 
the metric system would make an ordinary volume. 

This investigation of our committee, of works unfavorable as well 
as favorable to the system, led us to get enthusiastically back of an edu- 
cational propaganda favorable to its eventual compulsory adoption and 
this we have kept up by every means at our limited disposal. 

Our executive committee strongly supported our metric committee, 
and our association, in annual meeting assembled each year, has re- 
affirmed its position favorable to its adoption for all purposes in the 
United States. 

I believe it is true that while scientific bodies for over forty years 
have passed resolutions favorable to the adoption of the metric system, 
the National Wholesale Grocers Association was the first commercial 
body of national proportions to openly advocate its use and compulsory 
adoption for all purposes. 

Our committee prepared and made addresses before meetings of 
Wholesale Grocers Associations in the different states and where impos- 
sible to appear ourselves, we had the subject presented and explained 
to the committees on resolutions and resolutions favorable to our cam- 
paign were presented and adopted. 

The Retail Grocers Association of the United States has passed 
resolutions favorable to our work; many retail grocers are foreign born 
and were educated at home in the metric system and they are enthu- 
siastically in favor of its adoption here by reason of its known simplicity 
to them. This is true of many wholesale grocers also. 

In addition our campaign has been endorsed by the Wholesale 
Grocers Associations of New England, New York, New Jersey, Penn- 
sylvania, Delaware, Maryland, West Virginia, Ohio, Indiana, Michigan, 
Illinois, Wisconsin, Minnesota, Iowa, Missouri, Nebraska, Kansas, 
North Dakota, Colorado, New Mexico, Arizona, California and Oregon ; 
by the National Conference of Food, Dairy and Drug Officials; the 
National Conference on Weights and Measures for the United States; 
the National Canners Association and by a number of your affiliated 
scientific societies. 

I am trying, however, to bring you trade information that ordinarily 
would not come to you as scientific men. 

In 1913 our committee visited the International Bureau of Weights 
and Measures at Sévres, France, and had a very interesting conference 
with Dr. Benoit, the director, and since that time has been exchanging 
publications with them as well as with the Decimal Association of 
Great Britain, advocating the metric system there. 

We have reprinted and distributed to our members a number of ad- 
dresses and articles, and furnished the Decimal Association of Great 
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Britain 3,000 of our reprints of the article on the metric system that 
appeared November, 1914, in the “Nation’s Business,” published 
monthly by the Chamber of Commerce of the United States. 

At our Minneapolis meeting in 1914 we passed the following reso- 


lution: 

With the idea of familiarizing the consumer with the metric system, we urge 
all our members to request manufacturers with whom they deal to use the metric 
equivalents on all new labels, in addition to the English weights and measures, 
and urge our members to follow the same practise where they are using labels 
on their private brands as permitted under Food Inspection Decision No. 154, 
which reads: ‘‘ Provided that by like method such statements may be in terms of 
metric weight or measure,’’ believing that the constant sight of the metric equiva 
lents on food products in the millions of homes where they go, will have great 
influence toward awakening interest in, and educating the consumer to a better 
knowledge of the metric system. 

Following the issue of food Inspection Decision No. 163, early in 
this year, our committee last March issued a letter to our members en- 
closing a card of metric equivalents in connection with the weights of 
canned goods in the English system, and also circular No. 47 published 
by the Bureau of Standards containing tables of equivalents capable of 
converting every possible avoirdupois weight or English measure into 
its metric equivalent and vice versa, together with full explanation of 
its use. In addition we distributed to our members at the same time 
Senate Document No. 241 containing the report prepared by Dr. 
Samuel W. Stratton, Director of the Bureau of Standards, at the re- 
quest of the Secretary of the Treasury, Mr. McAdoo, for the use of the 
International High Commission on uniformity of laws. This report 
relates to the metric system in export trade, but has proved to be one of 
the most interesting contributions to metric literature of the year. 

Interest in the label question referred to above is not confined to 
wholesale grocers. We have taken this matter up with the American 
Specialty Manufacturers Association in our conference with them and 
are receiving requests for our canned goods equivalents list sent out 
with our March letter. The secretary of the National Canners Asso- 
ciation, Mr. Frank E. Gorrell, has advised us that their association will 
cooperate with us on the label question in consonance with their atti- 
tude favorable to our campaign of education on the metric system. 
The use of the metric system in the last edition of the United States 
Pharmacopeia is one more step in advance in the eventual general use 
of the metric system in the United States. 

Since our campaign opened many advances have been made. The 
international carat standardized at 200 milligrams, replacing the many 
valued, highly ambiguous “carat” heretofore used in many lands, is 
one of them. The present war in Europe and American world trade 
expansion has helped the metric propaganda by years undoubtedly. 
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The contact of England and her colonies with the Allies is bound to 
have its effect on not only the officers and men, but the government at 
home, and the unity of action in war is bound to have its effect after 
peace is declared. England is showing many signs of giving up her 
arbitrary attitude in world trade and this is shown to be more neces- 
sary as the war progresses. 

We believe that the adoption of the metric system by Germany, em- 
bodying, as it did, the casting aside of many traditions for the sake of 
efficiency, had a great deal to do with the wonderful success of Germany 
as a world commercial power. The change at the time she made it was 
a much more radical one for Germany than the change for the United 
States would be now, for we are already using it in many branches of 
the government service, including now, aeronautics, as well as in scien- 
tific lines and commercial life. 

We believe it is not generally realized by the public that the federal 
government has enacted practically no weights and measures legisla- 
tion, but has left the question entirely to the states. Even the pound, 
yard, gallon and bushel have never been adopted by congress, but owe 
their standing to the fact that the government uses them in the collec- 
tion of revenue and to the fact that they have voluntairly been adopted 
by the states. Just as was the National Pure Food and Drugs Act of 
1906 with its amendments necessary to harmonize and make effective 
legislation on food and drugs, so is there necessity for a National 
Weights and Measures Law. The National Wholesale Grocers Asso- 
ciation believes the system of weights and measures enacted into law 
should be the International Metric System in simplification not only 
of our international transactions now grown so enormous, but of our 
wonderful interstate commerce, where the amount of time, labor and 
annoyance saved would be almost incalculable. 

We are entering into no great argument with this audience with 
regard to the merits of the metric system, as we felt sure this would be 
more ably done by others than we could do it; however, we venture to 
assert and feel assured from our own experience that the change would 
make no greater charge on or disturbance of business than has food 
legislation during the past ten years and certainly nothing like as 
much care and anxiety. This is the fiftieth “anniversary year of its 
legalization by the thirty-ninth congress in 1866. France was just 
about fifty years in making it compulsory there. It is time for the 
United States to make it compulsory here. 

In conclusion, to quote from our committee’s last annual report 
adopted by the tenth annual meeting held in Boston last June, 

We reiterate, that the attitude of the National Wholesale Grocers Assdcia- 


tion of the United States is that if there is a better system of weights and meas- 
ures than we are using we want to know about it, and further, we believe that the 
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metric system is a better system than the one we have, and knowing there is 
something better, we want to see its adoption made compulsory by congressional 
enactment at just the earliest moment commensurate with the demands of the 
electorate educated to its real value. 

We urge the approval of the formation of an association whose object shall 
be to forward the metric system propaganda in the United States by both edu- 
cational and legislative means and favor giving such an association our active, 
moral and financial support. 


WHOLESALE DRUGGISTS AND THE METRIC SYSTEM 


By ADOLPH W. MILLER, M.D. 


OF THER NATIONAL WHOLESALE DRUGGISTS ASSOCIATION OF THE UNITED STATES, 
PHILADELPHIA, PA. 


LL radical changes in old, established and well-known methods of 
conducting business are invariably looked upon with great dis- 
favor. It can not be denied that alterations in the units of weights, 
measures of length and capacity, will cause some trouble and no little 
expense. New moulds for bottles, new packages, new labels and a 
radical change in prices will become necessary. All these troubles taken 
collectively may not be much greater than those that have been inflicted 
upon the druggists in recent years by the fatherly supervision of the 
officials in charge of the food and drug act. In addition to this, when 
the changes of the metric system have once been effected, they will not 
be subject to whimsical alterations, but they will then permanently con- 
form to the established standards. 

The well-known advantages of the metric system are its simplicity, 
its uniformity, its decimal characters, the convenient convertibility of 
one unit to another, the clear manner in which its nomenclature ex- 
presses exact values, and the security of its unalterable base. 

The simplicity consists in there being only five units in the entire 
metric system, of which only three are used by druggists, namely, 

The meter, or measure of length, 

The liter, or measure of capacity, 

The gram, or measure of weight. 

Larger and smaller quantities are expressed by seven prefixes to 
these terms. Of these the Latin prefixes deci, centi and milli divide 
the unit, while the Greek prefixes deka, hekto, kilo and myria multiply 
the unit by the number indicated. 

Thus, a milligram is 1/1,000 of a gram, equal to about 1/65 grain, 
a centigram is 1/100 of a gram, equal to about 1/7 grain, 
a decigram is 1/10 of a gram, equal to about 1 1/2 grains, 
a gram is equal to about 15 1/2 grains, 
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a dekagram equals 10 grams, 

a hektogram equals 100 grams, 

a kilogram is 1,000 grams, equivalent to about 2 1/5 avoirdupois pounds, 
a myriagram equals 10,000 grams. 

These equivalents are not strictly correct, but they are quite near 
enough for commercial purposes, and they are very much easier to 
remember than the exact decimal figures. 

The above seven prefixes are likewise used for the liter and the 
meter, which they divide or multiply in precisely the same manner. 
The entire metrical system is therefore included in ten words, or, when 
the units of superficial area and cubical contents are added, in twelve 
words. 

A rough and ready method of converting the most frequently used 
commercial unit into avoirdupois pounds is to multiply the number of 
kilograms by two, and then add ten per cent. Conversely, avoirdupois 
pounds can be changed to kilograms by dividing the number of pounds 
by 2.2. In the same manner, when quotations are asked for in kilo 
grams it is only necessary to double the pound price, and then to add 
ten per cent. or to multiply the price at once by 2.2. For small quanti- 
ties, only the gram is used as a unit. Although the actual equivalent of 
this is 15.432 grains, for practical purposes the decimal fraction may 
be dropped, so that then 4 grams will be equal to 1 drachm of apothe- 
caries’ weight. 

In the writing of prescriptions in the metric system all the weights 
are expressed by Arabic numbers. No abbreviations are required, as the 
gram is always understood to be the only unit. Quantities less than a 
gram are written as decimal fractions. A vertical line is often printed 
on prescription blanks, so that whole numbers may be written on the 
left of this line, while decimal fractions are written on the right. In 
the absence of the printed line, the position of the decimal point can be 
clearly indicated by placing a “0” on the side where no figures appear. 

The liter is the equivalent of a cubic decimeter. When filled with 
distilled water at its maximum density, it will contain 1,000 grams or 
a kilogram. Used as a measure of capacity, this is nearly 6 per cent. 
larger than the United States liquid quart. Our liquid measures can, 
therefore, be readily converted into metric measures by reducing them 
to quarts and adding 6 per cent. 

The meter or unit of length is equivalent to 39.37 inches, being 
between 9 and 10 per cent. longer than our yard. The decimeter, or 
%4o meter, a measure frequently used in botanical descriptions, is there- 
fore almost equal to 4 inches. The centimeter has become quite 
familiar to druggists by the numbers used for French filters, which 
indicate their diameter in centimeters. One inch is very nearly equal to 
24 centimeters, so that a No. 25 French Filter will have a diameter of 
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10 inches. The kilometer, or 1,000 meters, is nearly equal to % of a 
mile. 

The United States mints furnish very convenient metric weights 
in the shape of the dime, which weighs 24 grams, the 25-cent piece, 
which weighs 6} grams, the half-dollar, which weighs 124 grams and 
the nickel 5-cent piece, which weighs 5 grams and has a diameter of 2 
centimeters. 

As the metric system has been officially adopted and commercially 
used for many years in very nearly all civilized countries, except those 
in which the English language is spoken, almost all importers are 
already quite familiar with its various units, and with the most con- 
venient method of converting them to our standards. 

At the present time our manufacturers and exporters are seriously 
handicapped by their adherence to systems of weights and measures 
which have long since become obsolete among the more progressive 
nations. It would seem as though we were paying a heavy penalty for 
our slavish following of the bad example of England, which still de- 
mands that all the rest of the world shall bow down to her narrow in- 
sular prejudices. According to a pamphlet published by John W. 
Nystrom, C.E., England was about four hundred years behind the 
continental nations in the introduction of our present Arabic digits. 


He quotes many of the most absurd and truly ludicrous objections 
which were urged in England against the change from the clumsy 
Roman notations to the now universally employed Arabic decimal 


figures. 

Quite a number of the more progressive German exporters have 
partly solved the problem by issuing price lists, in which English 
weights are quoted in both pounds, shillings and pence, as well as in 
dollars and cents, while on other price lists metric kilograms are quoted 
in francs, lires, pesos or marks. 

John Quincy Adams fully recognized the supreme importance of 
simplifying the science of metrology, concerning which he said: 


Uniformity of weights and measures, permanent universal uniformity adapted 
to the nature of things, would be a blessing of such transcendent magnitude 
that, if there existed on earth a combination of power and will adequate to ac- 
complish the result by the energy of a single act, the being who should exercise 
it would be among the greatest benefactors of the human race. . . . The French 
system embraces all the great and important principles of uniformity, which can 
be applied to weights and measures. . . . It is a system adapted by the highest 
efforts of human science, ingenuity and skill, to the common purposes of all. 
Considered merely as a labor-saving machine, it is a new power offered to man, 
incomparably greater than that which he has acquired by the agency, which he 
has given to steam. It is in design the greatest invention of human ingenuity 
since that of printing. . . . Its universal establishment would be a universal 
blessing. 
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In reference to the nomenclature of the metric system, Charles Sum- 
ner said: 


A system intended for universal adoption must discard all local or national 
terms. The prefixes employed are equally intelligible in all countries. They are 
no more French than they are English or German. They are in their nature cos- 
mopolitan and in all countries they are equally suggestive in disclosing the de- 
nomination of the measure. They combine the peculiar advantages of a universal 
name and a definition. . . . The name instantly suggests the measure with ex- 
quisite precision. ... / An afternoon would suffice to make the metric system 
plain to a class of school boys. 


Superintendent Philbrick, of the Boston Schools, writes: 


Of all the great problems bearing on the progress of civilization, which have 
in recent times engaged the attention of legislators and men of science, few are 
more important or far-reaching than that of the unification of weights and meas- 
ures. To the speedy and complete solution of this problem of universal interest 
every community is bound to contribute according to its cireumstances and abil- 
ity. The grand aim of the metrological reform is comprised in three words, 
uniformity, permanency and universality; one standard to be the same for all 
persons and all purposes, and to continue the same forever. . .. A universal sys- 
tem of metrology should possess the following four characters: 

1. Its base-unit should be a common measure of all its derivative units. 

2. Its derivative units should increase and decrease by the decimal scale. 

3. Its denominations should be expressed by convenient, definite and signifi 
eant terms. 

4. Its standard unit should be invariable and indestructible or reproducible. 

This ideal perfection exists in the metric system, which France, acting as 
the representative of mankind, has invented and offered as a benefaction to the 
acceptance of all nations. 

In conclusion it may be well to call attention to the prototype of 
the metric system, the one that we are using hourly, namely, our United 
States coinage of mills, dimes, dollars and eagles, all of them having 
the exact decimal relation to each other as the units of the French 
metric system. Without a doubt, when our business men have familiar- 
ized themselves with the terms and relative values of the metric system, 
they will find it to be just as infinitely superior to the perplexing Eng- 
lish tables of weights and measures, as our convenient decimal dollars 
and cents are superior to the troublesome pounds, shillings, pence and 
farthings. Our successors will then express no little surprise that the 
druggists of the United States did not fully adopt the metric system 
for more than a century after its invention in France. 

Joseph W. England, in a paper recently published by him in the 
Journal of the American Pharmaceutical Association, gives that which 
is probably the most practical advice of all to the druggists, both whole- 
sale and retail, in the terse and pithy remark, that the proper and only 
way of introducing the metric system into this country is to stop lec- 
turing, writing or talking about it, and at once begin actually to use it 
in the purchase and sales of drugs, in the manufacture of pharmaceu- 
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tical preparations and chemicals, in the compounding of prescriptions, 
and in the export and import of drugs and other commodities. 

In still more forcible language, Dr. A. L. Benedict, of Buffalo, in 
the New York Medical Journal of April 29, 1916, calls for “the prompt 
and universal adoption of the metric system, at the cost of temporary 
inconvenience and contrary to habit, of something that is ultimately de- 
sirable and economic.” 

Even England is at last beginning to recognize the fact that the 
retention of the antiquated weights and measures will act as an obstacle 
to her trade in the future. Xrayser, in The Chemist and Druggist 
of May 13, 1916, says: 

Not till our purchases are made by metric system of weights and measures 
shall we really become so familiar with the metric system as to introduce it in 
sales. In view of the future of our world trade, the sooner we adopt the system 
throughout, the better for us. 

Professor E. G. Eberle, in a very able article in the July, 1916, 
number of the Journal of the American Pharmaceutical Association, ex- 
presses himself thus: 

The attempt at aligning this system with the old should be discouraged in 
every possible way, because this one is not developed from the other. Think in 
the metric system, weigh and measure the quantities with the metric weights and 
measures, and very soon the senses of seeing, hearing and feeling will do their 
part, without noticeable effort of the mind. By this is meant, that seeing the 
written denomination, or hearing it spoken, the volume or weight will at onc 
‘be associated therewith; just as is the case with those who are now experienced in 
the old system and who lack the same familiarity with the metric. 

Inasmuch as two of our legal standards, namely, the United States 
Pharmacopoeia and the National Formulary make use of the metric 
system exclusively, the members of the National Wholesale Drugzgists 
Association should certainly be leaders in the movement for the uni- 
versal and exclusive use of metric weights and measures. Nothing 
would do more to stimulate its employment among retail druggists than 
to compel them to purchase their supplies in this manner, so as to 
gradually abandon altogether the present custom of purchasing drugs 
by avoirdupois weights, compounding prescriptions by troy weights and 
wine measures, and making up official preparations, by still another 
standard. 
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OW difficult it sometimes is to make practise conform to theory 
has long been and still is shown by the continued opposition, 
active or passive, to the general introduction of the metric system into 
the United States and England. There can, indeed, be little doubt 
that so progressive a land as our own would long since have cast off 
the burden of the old scale of weights and measures, were it not for the 
fact that Great Britain, with which our commercial relations are so 
closely knit, still clings persistently to the so-called English weights 
and measures. On the other hand, could we pluck up courage enough 
to take the first step, England would most likely follow our lead after a 
shorter or longer interval. 
es in simplifying 
all necessary calculations regarding dimensions, there can be no ques- 
tion. Hence the opponents of its introduction here base their argu- 
ments mainly upon the difficulties involved in a readjustment of the 
various mechanical appliances of manufacture to a radically different 
scale. However, in many cases this difficulty is more apparent than 
real, and would merely imply a remarking in accord with the metri: 
equivalent of the old measures, and the actual expense and very tem- 
porary inconvenience involved would assuredly be many times remuner- 
ated by the great advantages secured. 

The first definite proposal for legislation to establish the basic prin- 
ciple of the metric system was made by as thoroughly practical a man 
as the great diplomatist Talleyrand, who in 1790 brought forward a 
measure in the French Assembly directing that a new unit of measure- 
ment should be established, based on the length of a pendulum beating 
seconds on latitude 45°; the selection of a pendulum beating seconds 
as a standard dates back, however, to Picard in 1671 and to Huygens 
in 1673. While this proposition of Talleyrand paved the way for th: 
elaboration of the metric system, the details of the plan as worked out 
by the mathematicians Borda, Lagrange, Laplace, Condorcet and 
Monge, provided for the determination of the exact length of th 
quadrant of a meridian. Eventually, the ten-millionth part of this be- 
came the unit of length, and was denominated “ métre.” In 1791 the 
Assembly sanctioned the measurement of an arc of ten degrees on the 
meridian of Paris, and as a result of seven years’ work by Delambre and 
Méchain, this task was successfully accomplished. 

The weight of a cubic decimeter of distilled water, divided by 1,000, 
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gave the unit of weight, the “gram,” and the contents of a vessel of 
such dimensions constituted the “litre.” From August 1, 1793, the 
metric standard has been the only one recognized in France and it has 
since been adopted by almost all the countries of Europe and America, 
excepting England and the United States, although it received legal 
recognition here July 27, 1866. 

For the effective development of our foreign trade, for the utiliza- 
tion of the great and unique opportunities in this direction that the 
world war has given and will give us, it is most urgent that all foreign 
catalogues and publications issued by our manufacturers should have all 
dimensions expressed in metric as well as in English weights and 
measures. This can be done by placing the metric equivalents in paren- 
theses. No better object lesson of the superiority of the metric system 
could be desired than that which would be afforded in this way, as its 
uniformity and simplicity would thus be brought directly home to 
every one who consulted the figures. 

One notable result of the great demand for war material in this 
country from the European nations has been the enforced introduction 
of metric measurements in a large number of the factories devoted to 
such manufacture. This not only refers to guns, rifles, shells, etc., but 
also to locomotives, rails, parts of bridges, many tools and pieces of 
machinery, etc. The increased demand for our goods from South 
America, and the movement among our manufacturers to take ad- 
yantage of the check of European exports to South America in order to 
introduce our productions there more widely and more consistently, 
works in the same direction. For our manufacturers are slowly learn- 
ing the important lesson that if we wish to increase our trade in foreign 
lands we must endeavor to conform to the standards and usages current 
therein. When the war is over great opportunities will present them- 
selves; but we must prepare now with a universal language of weights 
and measures. 

England and the United States are slow in realizing the waste of 
time and the chances of error involved in translating the terms of a 
logical and consistent standard of weights and measures into those 
which only owe their use to a blind maintenance of tradition. For this 
reason those of us who favor the widest possible use of the metric sys- 
tem, not merely because this system is in force in all parts of Europe 
and America except England and our own country, but because of its 
inherent merits, must welcome every step taken in what we regard as 
the right direction for the attainment of what would prove a most potent 
factor in international trade, especially in Pan-America. Hon. Wil- 
liam C. Redfield, Secretary of the Department of Commerce, strongly 
supports the reform, and has noted as an instance of the present con- 
fusion that the Philadelphia Mint uses three different standards of 
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weight in the purchase of ordinary supplies, in that of metals, and in 
its laboratory, respectively. 

A not unimportant step in furtherance of the adoption of the metric 
system has recently been taken in the gem-dealers’ industry, and al- 
though this particular application may appear to many at first sight as 
being of comparatively slight consequence, its educational effect will be 
more far-reaching than is generally supposed. This concerns the adop- 
tion, in precious-stone commerce, of an international metric carat of 200 
milligrams, to take the place of the various and discrepant national 
carat-weights that have for so long been a source of serious annoyance, 
inconvenience and loss of time for gem-dealers. 

When we reflect that there are some 36,000 jewelers in the United 
States, and that because of the popularity of their wares they come into 
constant contact with a large section of our population, we can realize 
the good work they will necessarily perform in demonstrating to their 
customers the usefulness of the metric system in this particular case, 
and thus in arousing public attention to its signal merits. 

The chaotic conditions with which gem-dealers had to contend will 
be appreciated when we consider that there were at least eighteen dif- 
ferent national or local carat-weights, ranging from that used at Turin, 
equivalent to about 3.295 grains (213.5 mg.), down to the Bologna 
carat of 2.91 grains (188.6 mg.). Hence the heaviest, the Turin carat, 
was a little more than 13 per cent. heavier than the lightest, the 
Bologna carat. The impossibility of carrying on a diamond business 
systematically with such an appalling variation in the weight of the 
diamond carat, and with no possible means of finding an effective check 
to determine the accuracy of the weights employed, must be clear to all. 

As early as 1893, in a paper read in Chicago before the International 
Congress of Weights and Measures, held in connection with the World’s 
Columbian Exposition, I suggested dividing the carat into 100 parts, 
and constituting a standard international carat of 200 milligrams, that 
is, 5 carats, or 20 pearl grains, to a French gram. This represented a 
depreciation in weight of only about 24 per cent. from the carat-weights 
most in use, and by the universal acceptance of the new standard all 
the confusing conditions that have so long obtained would be done away 
with once and for all. Much credit for having definitely initiated this 
much-needed reform is unquestionably due to Mons. C. E. Guillaume, 
director of the Bureau Internationale des Poids et Mesures at Sévres, 
who energetically and successfully advocated the reform in 1906, before 
the Commission des Instruments et Travaux, in Paris. 

This new standard has now been either exclusively adopted, or 
officially recognized throughout Europe and America, England haying 


1‘*The Book of the Pearl,’’ by George F. Kunz and Charles H. Stevenson, 
p. 323, New York, 1908. 
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fallen into line by an Order in Council, made on the recommendation 
of the English Board of Trade, to take effect April 1, 1914. The French 
law of June 22, 1909, may serve as a model of this legislation, its 
single paragraph containing the following concise provision: 

In the transactions relating to diamonds, pearls and precious stones, the 
designation ‘‘metric carat’’ may, in violation of the first article of the law of 


July 4, 1837, be given to the double decigram. 
The use of the word ‘‘carat’’ to designate any other weight is hereby pro- 


hibited. 

While this law, as well as those promulgated in many other lands, 
make the use of the metric carat obligatory, in the United States its 
legalization, coupled with its official adoption and use in the Treasury 
Department from July 1, 1913,? for the customs service, and the sup- 
port accorded it by the resolutions recommending its use from the sam: 
date passed by the National Jewelers’ Board of Trade, and the National 
Jewelers’ Association, have given to the metric carat all the sanctions 
that an ordinance commanding its use could have provided. 

Most of us are ready to admit that the use of a universal language 
would do much to remove the national antipathies leading to the armed 
conflict of nations, and the universalizing of a simple standard of any 
kind brings the nations nearer together and helps on a better mutual 
understanding. When the same signs and symbols express to all the 
same weights and measurements, this will mean a distinct advance 
along the road leading to international peace and good-feeling. Whereas 
all the world can learn readily the words métre, gram and litre, how 
many of us know the words for inch, foot, yard, rod, furlong, mile, 
league in more than two or three languages; yet the term métre would 
cover all these and we could all understand what is meant, and ac- 
curately. 

Our adhesion to the metric standard should be encouraged when we 
consider that as early as May 20, 1790, Thomas Jefferson, as secretary 
of state, formulated a decimal system of weights and measures, and 
embodied the scheme in a report. The adoption of the decimal system 
in our coinage, already urged by Gouverneur Morris in 1782, probably 
caused Jefferson to favor its extension to weights and measures as well.* 
Therefore, in adopting the metric system we should only be realizing 
one of the brilliant and inspirational ideas of the most original thinker 
among the founders of our republic. 

The foregoing testimony plainly shows that the time is ripe for this 
country of ours to give serious consideration to the question of joining 

2‘*The New International Metric Carat of 200 Milligrams,’’ George Fred- 
erick Kunz, Trans. Amer. Inst. Mining Engineers, New York Meeting, February, 


1913 (also the meeting, August, 1913), pp. 1,225-1,245. 
88. W. Stratton, director, United States Bureau of Standards, Encyclopedia 


Americana, art. Metric System. 
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with the other progressive nations of the world in doing business on a 
metric basis. Is not this the place to take preliminary action toward 
bringing about this needed reform? We have here representatives 
from many lines of commercial endeavor, each of whom believe that 
metric legislation must eventually obtain in this country. It would be 
a lasting pity, if before we adjourn this evening, we do not form some 
sort of an organization whereby the several metric committees repre- 
sented at this gathering, as well as individuals interested in the metric 
cause will be held in touch with each other. Such an organization 
should be dedicated to the promotion of metric education and legislation 
along rational lines. 

Our first step should be to bring the commercial organizations of 
this country to a realization of the fact that our present system of 
standards is injurious to our foreign trade and is wasteful of vast 
amounts of our most precious commodity—time. This accomplished, 
we should proceed to urge legislation along such lines as will bring 
the needed reform to those who wish it with the least amount of annoy- 
ance to those who for their own reasons oppose it. 

I believe it entirely feasible to arrange legislation, either by optional 


use of the two systems of weights and measures for a certain term of 


years, or by temporary exemption of certain types of machinery manu- 


facture, so that the change can be made with a minimum amount of 
loss or trouble. I feel that such work is a patriotic duty of all of us 
present this morning. I believe that we have right now an unusual 
opportunity for making the metric system, the American, as well as the 
Internationa! Language of Commerce. 
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E may, without argument, assume that at least a part of the 
recent rise in prices is due to the wastefulness of war. We 
know also that the crop year now closing was below normal, not only 
in this country, but also in others. If the entire difficulty were due 
to these two causes we might look forward to the future with com- 
placency, for wars come to an end and bad seasons are only occasional. 
. Let us inquire whether there are other, and more permanent, causes. 
. During the last decade of the last century the average price of farm 
land in the United States rose 108 per cent. During the same time 
there was an average increase of 67 per cent. in the price of farm 
products. Thus far in the present decade both these rates have been 
exceeded. 
i | This increase in the price of land is due to two principal causes. In 
| the first place, by the early nineties the more desirable portions of the 





public domain had been settled, and those who a few years earlier 
would have homesteaded new land were now confronted with the neces- 
sity of buying. This greatly increased competition, and prices rose 
accordingly. 

But the very fact that good farm lands were not coming into cul- 
tivation as rapidly as formerly lowered the rate of increase in produc- 
tion. This caused higher prices for farm products, and this in turn a 
further increase in the price of land. It appears therefore that we have 
arrived at a period, or are rapidly approaching it, when increase in 
production of food no longer keeps pace with increase in population. 
Let us now consider a few of our leading food resources to see whether 
this conclusion is justified. 

The average annual production of wheat in this country by ten-year 
periods for the last three decades has been, in bushels per capita, 7.3, 
7.8 and 8.0, respectively. These figures indicate a slight increase in 
production as compared with increase in population. But these are 
ten-year averages. The area of our wheat crop for each of the last ten 
years, ending with 1915, has been, in millions of acres, 47, 45, 48, 47, 
46, 50, 46, 50, 54 and 60, respectively. The marked increase last year 
may be attributed to the stimulating effect of the high prices incident 
to war. It must also be remembered that by far the greater portion 
of the land brought into cultivation during recent years lies in the 
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western wheat-producing area. We can not expect the present increase 
in the area of new wheat lands to continue much longer. While the 
production of wheat last year shows that, under the stimulus of high 
prices, American farmers can still produce a big surplus of this com- 
modity, there is also every reason to believe that such stimulus is neces- 
sary. At present we have reached a stage where any great increase in 


wheat acreage—in fact, an increase proportional to increase in popu- 
lation—can occur only by decreasing the area of other crops. This 
means that unless we are to have bread still higher in price we must 
devise means of increasing the yield of wheat per acre. 

While wheat is our most important bread crop, corn is a far more 
important crop when considered in its entire relation to our national 
economy. It occupies nearly twice the acreage of any other crop, has a 
total value more than twice as great, and is the principal basis of meat 
production in this country. The per capita production of corn for the 
last four census years is 35, 34, 35 and 28 bushels, respectively. The 
total production for each of the last ten years has been, in hundreds of 
millions of bushels, 29, 26, 27, 28, 29, 31, 24, 27 and 31. These figures 
indicate practically no increase for the last decade, during which popu- 
lation increased probably about 20 per cent. Even the great crop of 
last year was only equal to that of three years earlier. It is evident that 
we have reached a point where increase in the production of corn is not 
nearly keeping pace with increase in population. In fact, the statistics 
indicate that it requires the stimulus of very high prices to bring about 
even a smali increase in the volume of this our most important crop. 
One reason for this situation is that the West, where most of the lands 
now being brought into cultivation are found, is not adapted to the 
production of corn. The acreage of corn is so large that any con- 
siderable increase in it can occur only at the expense of other important 
crops, except as additional land is brought into cultivation in the corn- 
producing states, and this must, in the nature of the case, be a slow 
process. We must therefore look very largely to increase in the acre 
yield for future increases in this highly important crop. 

Coming now to that class of food products represented by the fruits 
and vegetables, we shall find the situation quite different. The entire 
fruit crop of this country occupies only two artd three fourths per cent. 
of our crop area; the entire crop of garden vegetables occupies another 
two per cent., of which two thirds is in potatoes. So far as available 
land is concerned, the area of crops of this character can be increased 
as occasion requires for a long period in the future. All available sta- 
tistics indicate that the area of such crops is expanding as rapidly as 
there is any need for them. The froblem of distribution of products 
of this character is becoming more or less acute, but when there is any 
actual shortage of any of them the resulting high prices almost in- 
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variably result in overproduction the next year, or as soon thereafter as 
a new crop can be matured. It would, however, be far from the truth 
to state that there are no problems connected with the production of 
fruits and vegetables. Some of these will be mentioned later. 

In this connection it may not be out of place to remark that the 
present abnormal price of potatoes is due neither to the European war 
nor to an approaching permanent shortage in this crop. The crop 
planted last spring was in fact unusually large, and in some localities 
production was a maximum. But in several large producing centers 
there was an almost complete failure of the crop because of unfavorable 
weather. That potato production is keeping pace with increase in 
population is strongly indicated by the per capita production for the 
last four census years, which was 3.5, 3.5, 3.7 and 4.7 bushels. The 
figures for recent years confirm this conclusion. The only present 
menace to this crop is the possible introduction and spread of fungus 
diseases, which it is the province of the biologist to prevent. In this 
connection it may be noted that only recently quarantines were in force 
against the importation of seed potatoes from infected regions. 

There was a time when the American people were probably the 
equal of any people in the world as consumers of meat. That was when 
we had an excess of good agricultural land. For the Caucasian race at 
least the per capita consumption of meat is closely related to the surplus 
of available farm land. At present we stand third in this respect, being 
exceeded by Australia and New Zealand, and closely followed by Argen- 
tina and Canada. The per capita figures for these five countries are 
262, 211, 171, 140 and 137 pounds, respectively. At the present time 
Australians eat fifty per cent. more meat than we do. As already inti- 
mated, the per capita consumption of meat in this country is decreasing. 
For the year 1900 it was 182, and for 1909 it was 171 pounds, a de- 
crease of 11 pounds in nine years. That this decrease will continue 
seems highly probable, though not necessarily at this rate. 

The important food-producing animals of this country are, in the 
order of their importance, cattle, swine, poultry and sheep. 

From the standpoint of our problem cattle must be considered in 
two classes, namely, dairy and beef, though there is considerable dupli- 
cation in these classes. Dairying is, or can be made, a relatively inten- 
sive type of farming. For this reason its status can be maintained even 
when population becomes quite dense. At present the number of dairy 
cows in this country is increasing approximately in the same ratio as 
population, and there is reason to believe that this increase may con- 
tinue for several decades at least. A future supply of butter and cheese 
seems assured, but there is some difficulty in the matter of supplies of 
market milk for our growing cities. This is largely due to the greatly 
increased cost of the methods which now appear to be necessary in the 
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distribution of this product. Whereas milk was formerly retailed from 
cans, it must now be bottled. The big problem here seems to be that 
of reducing the cost of distribution. Improving the quality of the 
cows as a means of reducing the cost of production is also urgent. 

The supply of beef cattle in this country has fallen off very mate- 
rially in recent years. While at present high prices for animals of this 
class render it possible for the corn-belt farmer to grow much of the 
feeder stock formerly obtained from the ranges, there is no reason to 
believe that we shall ever see beef as plentiful and cheap as it was a few 
years ago, though the eradication of the cattle tick in the south, now in 
rapid progress, will open up a large area to beef production. 

During the last census period there was an increase of about twelve 
per cent. in the number of swine in this country, as compared with a 
twenty per cent. increase in population. There was a decrease of about 
eight per cent. in per capita production of pork products. While beef 
cattle represent a relatively extensive form of agriculture, and may 
therefore be expected to decrease at least relatively as the necessity for 
more intensive agriculture becomes more urgent, this is not necessarily 
the case with swine. They can be produced within limits in a very 
intensive agriculture, especially in connection with the production of 
butter and cheese. The decrease in per capita production in recent 
years is due partly to the high price of corn and partly to the prevalence 
of diseases.’ Many farmers keep few or no hogs because of the danger 
of loss frorn this cause. The eradication of diseases of these animals 
therefore appears to be a problem of increasing importance. 

Poultry farming is even more intensive than dairying. It is more 
or less prominent in China, where population is so dense as to exclude 
almost every other type of meat-producing animal. There is, there- 
fore, no economic reason why poultry and eggs should not continue in- 
definitely to furnish the basis for breakfast and for the Sunday dinner 
as they have done from time immemorial. In fact, the decreasing sup- 
plies of other meats, especially beef and mutton, greatly emphasize the 
importance of the feathered tribe. The percentage increase in the 
number of poultry in this country during recent years has been only 
slightly less than that of population, but there has perhaps been a com- 
pensating increase in productiveness. This imcrease in productiveness 
is to play an important part in supplying food in the future, and is a 
biological problem of the first order. 

Sheep husbandry as ordinarily conducted represents the least inten- 
sive form of live-stock farming. These animals can subsist where no 
other domesticated animal can live. Hence they occupy the dry regions 
of the earth, especially of Asia, Australia, Argentina and the western 
United States. But these regions can no longer supply any considerable 
proportion of the needs of mankind for the products of these animals. 
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Partly for this reason and partly because of the increasing scarcity of 
beef, the price of mutton has risen very materially in recent years, so 
much so in fact as to raise the question whether sheep may not again 
become an enterprise on the ordinary farm. These animals are sub- 
ject to certain serious internal parasites that are of little importance 
when the animals are kept on the open range and seldom tread over 
the same ground twice in a season; but when confined on farms, where 
they must cover the same ground repeatedly each season, the problem 
of controlling these parasites becomes a difficult one. Here again we 
have a purely biological problem that is critical in connection with the 
rehabilitation of a farm enterprise that is assuming greater importance 
yearly. 

To recapitulate. Our principal bread crops already occupy so large 
an area that there can be no large increase in them except as new lands 
come into use, a process necessarily slow, and as we increase the acre 
yield. The increase last year in the acreage of wheat and corn, brought 
about by abnormal prices, was mainly on land ordinarily devoted to 
pasture and hay. This is significant in connection with the decreasing 
supply of beef. 

The production of fruits and vegetables can increase practically 
indefinitely, but even then the saving of acreage by increased yield is 
an advantage not to be ignored. 

There is no economic reason why dairy and poultry farming should 
not continue to increase in magnitude as the need for their products in- 
creases. It is easily seen, however, that on account of the magnitude 
of these enterprises any considerable increase in production per cow 
and per hen, which we know need not entail a proportionate increase 
in feed consumed, may result in an enormous saving, most of which may 
readily be utilized in the production of beef, mutton and pork. The 
actual or relative decrease in the number of beef cattle, swine and 
sheep in recent years thus makes the increased productivity of the dairy 
cow and the hen a doubly important matter. Here is work of great 
importance for the biologist, and it is a matter of no small gratification 
that this work is being pushed forward in a most commendable manner. 

In the presentation of this subject it has seemed more important to 
get a clear statement of what the situation is with reference to our 
future supplies of food than to confine myself to a list of the biological 
problems connected with increasing these supplies to meet the needs of 
an ever-increasing population. I have tried to present the situation in 
such a way as to make clear the relation of the more important of 
these problems to our necessities. In the time available here it would 
be impossible even to mention the notable achievements of the last 
quarter century and the important problems still awaiting solution. 
I will therefore confine my few remaining remarks to very general con- 
siderations. 
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It is clear that increasing the acre vield 
big problems. It assumes four phases, as fol 
fertility of the soil, (2) improving cultural pri 
against diseases and pests, (4) improving th 
plant. 

Most of the questions here involved lie wl 
biology. Some of them involve so many sciences 
lags for want of closer cooperation between scientists 
diverse. 

Some of the more important phases of the problem of increas 
production of live stock products are: (1) A be * understand 
animal nutrition; (2) the eradication or prevention of disease ; ( 
suppression of insect pests, animal parasites, and the depredati: 
dogs and wild animals; (4) the improving of 


ness by breeding and selection. 


} 


Great progress has been made in all these directions, but much 


remains vet to be done. It is a far « ry from the 3.100 pounds of m 
of the average American cow to the 30,000 pounds of Tillie Alcartra 
from the five dozen eggs of the average Amet 

of Lady Eglantine. We can not hope to raise tl 

figures, but the general application of principles : 

successful completion of studies now in prog 


direction. 
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few of its romantic experie 
n wandering over this old earth; adventures in cloud, river, ocean, glacier a 
in ancient plants and animals, and in the outer limits of the atmosph 

the 
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canic birth in very ancient geologic time and a 


iceberg; 
ts geologic work in pulling down the continents and dragging 


issue, 


It deseribes i 


to the sea. The story ~ completed In this 
EXPERIENCES IN Mesozoic TimgE 

W HEN I escaped from the calms of the equatorial belt I was ag 

in the northern hemisphere. Then it was middle Reptilia: 

The huge and wonderful reptiles then ruled the wo 


Jurassic time. 
Some birds and mammals were living, but they were small in compa 


son with the big reptiles of both land and sea. I had my experie: 


with the creatures. 
Once when I was in the leaf of a palm one of the enormous rept 


that stalked about on their hind legs, called Dinosaurs, ate my leat 


When the leaf was digested and I was liberate: 


1 into 


part of his dinner. 
1 was indignant. Then I was absorbed 


the digestive tract 
blood circulation, and finally built into the flesh of the huge 
When this fellow, the Bro 


beast. 


think I was in his arm or front leg 
saurus, which was fifty or sixty feet long, was killed and partly eat 
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by a carnivorous Dinosaur | 
This fellow stalked about on 
lordly ruler of his time. His 
New York and Pennsylvania. 


oht tell 


If I were romancing I mi 
of the huge dragon-flies of the Jurassi 
the flying reptile, the Pterodactylus: « 
eye of the most ancient bird, the Archeo 
truth. I only saw these remarkable creatu 


After various adventures I found myself 


or later Reptilian period, in the Atlantic oceai 


small way to make the chalk. I was in th 
flesh of a microscopic animaleule which hi: 
Protozoan belongs in the class Foraminifer 
these microscopic beings were floating 
and their watery flesh dissolved the tiny 
through the water and, falling on thé 
deposit known as chalk. The shell wl 
fell near Belfast, in Ireland. 

Later I was in the substance of 
duced the Nummulitic limeston 
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ranean. The shell of my Nummulite is now in a block of limeston 
which is built into the Great Pyramid. I think that I may right 
claim to have helped build the Pyramids, as truly as if I had bee: 


the blood or brain or muscle of one of Pharaoh’s slaves. 


IN THE BLoop or MAMMALS 


We might as well pass over the events during two or three million 


vears, and come down to the midst of the Age of Mammals, or Ter- 


tiary time. 

With the evolution of life on the globe new and interesting ad 
ventures were possible. When in the development of animal life high 
body temperatures and hot blood were produced ] had experiences very 
different from those which | had in the body of the seajelly, or even 
in the real but cold blood of the ancient big reptiles. 

One day I was in a trickle of water in an oasis of Asia, and som 
brute of the camel family happened along and drank up all the water 
For davs I was carried in his water-tank stomach. At last this water 
was absorbed and I was carried into the hot blood and finally built 
In this corpuscle I traveled about 


into one of the tiny red corpuscles. 
The blood current in which | 


the camel’s body thousands of times. 
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floated was truly a river of life. Th 
fluid in which they floated, was swept 
pulmonary artery, which quickly divided 
finally into minute microscopic tubes, the capillar 


Is 


over the surface of the lung ce 
corpuscles gave up some of the carbon-dios 
bination with iron, and took on instead 
the color of the corpuscle to a brighter 
was through two membranes, the wall of 


the lung cell. Then with our load of oxvge 


capillaries into larger and larger tubes. the 


t} 


poured us all into a sort of bag. called tl] 


it 


cavity we were sucked into a second, conn 
curious door consisting of three parts or val 
eular walls of the second chamber. the left 


or contracted and we were forced in a swi 


large and stiff tube, the aorta, into the body 


The large tube divided and subdivided into 


and these into minute tubules, the capillaries. 


tubes, systemic arteries, carried blood to certai 
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to the stoma h. some to the brain, an 

of the pump or heart itself. Every minut 
was supplied with tubes and blood, except th 
dead matter. 

I helped to carry the oxygen to all parts of 
times to his brain, or his muscles, or his eye, 
of the blood, in which the corpuscles floated, 
ment to all parts of the body, and this cam 
the stomach and intestines. 

The red corpuscles were like little boats 
carrying only the life-giving oxygen to the su 
The oxygen burned up the old, or worn-out cells, 
dioxide. This burning of the waste matter 
body. Then the corpuscles took on a cargo of 
change for the oxygen. 

When we were through the capillary tubes, 
body we happened to be, and had finished our 
we were gathered into larger and larger tubes, 


into a big, soft tube, the vena cava, which pow 


chamber, the right auricle. From this we wert irawn 


curious door into another chamber, the right ventricle, which su 
contracted and sent us swiftly through the tube, the pulmonary 
where I began this account of the blood circulation. 

We watermols composed nearly all the substance 
the plasma, and of the corpuscles. Sometimes I was 
times 1n the other. It was lively work, getti: ourishment 
food canal and oxygen from the lungs and c: r them to 


1 
ne 


of the whole body, and then taking away t 
a round trip, as described, in about one half of 
short time heing spent in the two sets of 
cargoes. I was a part of the navigation 
the vears that T was in that business T mu 
thousand miles. But I did not arrive ar 

It seemed that I micht never escape. 
night and day were all the same, and we had_ 
holidavs, we were hustled along unusually fast. 
paratus, the heart, was working tremendousl\ 
running. Then, of a sudden, evervthing stopp 
dead. He had been chased and killed by a tiger. 

The tiger drank some of the camel’s blood, and J 
To make a long story shorter, I was carried into the 1 
for a time, a vear or two, I served as a galley slave ii 
gation system of the beast. It was similar to th 
only more rapid and with higher temperature. 
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Courtesy of Rastman Kodak Co 


Fig. 28. WATERMOLS TAKING A PLUNGE, 





















My escape from tlre tiger was in an unexpected and curious manne 
One day, somewhere in southern Asia, my host, the tiger, had a fig 
to the death with an elephant. The elephant crushed him by kneeling 
on him, and some of his blood ran out on the ground. And so whe 


the blood dried I escaped into the air. 


As A Worip-EXPLorer 

This story can tell only a part of my history of adventure in wai 
dering about the earth. Many times that I need not describe have | 
been in the upper air; in cloud and terrible hurricane ; and in the arc! 
ing rainbow. Many times I have fallen into salt and fresh waters. | 
have helped to swell the Mississippi river and Gulf of Mexico; the 
Volga and Caspian sea; the Hwangho and Yellow sea; the Mackenzi 
river and the Arctic ocean. 

Once I fell in Lake Victoria Nydnza and floated down the Nil 
and past the Pyramids, whose material I had helped to form, so mat 
millions of years before. In this trip I was stranded on the Nile celta, 
and after a variety of happenings I found myself in the milk of 
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scoanut. I had once been in the warm milk of a kang 


was different. A monkey cracked this nut and arTrank tS MILK, al 



















there I was, in the monkey. But being in the stomach and blood a1 
muscle of monkey is just about the same as in a man or a tige! 

One of the queerest events was when I had drifted to Australia 
ind somehow had found myself in the egg of the duckbill, or platypus. 
I knew that it must be a mammal, because it had hair and warm 
But when it laid a real egg with me in it, why. that really was som 
thing new. I just laughed and laughed until it spoiled the egg. 

While I was in Australia I climbed in the sap of an Eucalyptus 
tree to the topmost branch, over three hundred feet high. This was 
higher than when I was in a California Big-Tree. But it was a glorious 
trip, in the High Sierras of California. When I was transpired from 
the leaf of the Big-Tree, the Sequoia Washinetor ia, | was caught ina 
snowflake and fell on Mt. Shasta. When the snow melted in the spr 
time I went out into the Pacific ocean. 

In this trip to the Pacific I had another queer adventure. In some 





way or other I found myself in a huge animal in the sea. It ought 
have been some sort of fish, being so far out to sea. But it had warm 
blood, sO | knew it must he a mammal. In mn\ long life ana vari 


perience I have learned a few facts. The beast was a whale. <A) 











Fig. 29 A RECKLESS JUMI 




















THE SCTENTIFIC MONTHLY 








AN UNFINISHED Jon. 


day I was in the moist air of his lungs and he came to the surface 


the sea and spouted the air into the atmosphere. That was the oddest 


way that I had ever found of getting back into the atmosphere. Th: 
nearest to it was when, in New Zealand, I got into the hot water of 

geyser and was spouted by the exploding water of the geyser into th 
atmosphere. Speaking of spouts, I was once in a waterspout on tl 
Atlantic. 

In contrast with these events I may mention a few more dainty a1 
quaint experiences. I have often been in the dewdrop on the grass a1 
in the frost on the window-pane. I have been in the luscious fruits ¢ 
both temperate and tropic climes: and in the fragrant nectar of mat 
flowers. 

Once in the honey sac of a clover blossom I was found by a bee, wl 
took me in the nectar and packed me away in a wax cell of its hon 
comb. This was a sweet time; even sweeter than when, in recent davs 
I was in the sap of sugar-cane and went through all the processes of th 
sugar mill. Finally one of the workers in the hive fed me to the quee1 
bee, and I was a part of her royal ladyship. Then I passed out in on 
of her many eggs which became a male bee, or drone. He was stung 
to death by the workers for his lazy uselessness, and on his death I was 


liberated into the air. 
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EXPERIENCES WITH MAN 
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The appearance on the earth of the huma a na 
P} 


for new experiences. Many of the tragedies in my later life, and som 
of the comedies, have been due to the singular circumstances produced 
by the activities of man. He seems to have brought, especially through 
his use of fire and control of electricity, new conditions 

into the world. 

I recall how in recent time I was once in the sap of a magu 
plant, in Mexico, the agave, called in the north the century plant \ 
Mexican peon came along and cut out the large bud that would have 
pushed up as the fruit stalk. The sweet sap that collected in the ! 
was sucked out, by the Mexican, with myself in it, and put in a 
skin bag and sent into the City of Mexico. This sap when ferment: 
made the Mexican national drink, called pulque. I was in the pulque 
that was drunk by a Mexican, and—well! never mind the rest of the 
story. There are multitudes of peculiar drinks, better or worse, 
mostly bad, and all composed chiefly of us watermols. I have beer 
several of them, but pulque was the “ limit.” 

In China I had another poor time. While in a stream I was 
scooped up into a big cask and carried for months in the hok f a 
pirate junk. Then the Chinamen put me in a dirty kettle and bo 
us with some tea leaves, and then drank us while hot. 

Speaking of hot things reminds me of the hottest time that ] 
had. It was the occasion of the great fire in Chicago. Tt seems 


have been my luck, or misfortune, to be around so manv times 
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Eastman Kodak Co 
Fig, 32. WHERE WATERMOLS NEVER REST. 





something unusual was happening. Just then I was in the edge of 
Lake Michigan, and a fire engine sucked me out of the lake, pushed 
me through a long pipe, and then squirted me into the fire. That was 
the hottest ever: even hotter than in the New Zealand vevser. But | 
helped as much as any of the water to put out the fire. 

Once I was in the sulphur water of a famous health resort, and 
was taken in by a pretty girl. But that was not specially different 


from being in a monkey or a whale. 


(,00D-BYE 

[ am the true symbol of Life. All the organic substance of th 
world, the “living things,” are composed of such as I. Combined 
with some nitrogen we form protoplasm, the basic substance of all life. 
Without us watermols there would be no plants or animals, and no 
food or drink. Of course there could be no lake, or river, or ocean: 
no beauty cloud of rosy sunrise or crimson sunset. 

We do the work of the world. On us floats all the commerce of th 
water-world. We are the steam of your engines, and we are the masses 
of falling water which supply the power for your machinery or for 
changing mass energy to electricity. 

We are also the great agent of destruction.. All decay is by means 
of water. We rend the rocks by our expansion under cold. By wav' 
and stream and glacier we slowly drag everything, even the mountains, 


into the sea. Sometime we may cover all the surface of this earth. 
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Like all LVilhY th 
nits, or atoms, are. My substance 


rt destroyed, particularly '\ buiInahb 


heat would drive apart my three atoms. | 


caught in the Chicago fire. In some chemist’s 
destroyed by some chemic reaction. And a 
separate my atoms. 


But | have existed so many millions o1 


7 


pect to last awhile. l am still 
venture. J can not predict at all where 1 ma 
one hundred million years. Possibly | may 
from the earth into outer space and seek so 
for far adventure. 

But you may look for me vet awhile. ‘1 
frost crystal of the cirrus cloud, or as dow) 
deepest and coldest ocean; or 
mist of the morning; or in the cloud-bai 
top or in the cold fog of an arcti valley - 
in the terrible tornado; perhaps in the sparkling 


festivals, or in the idle tears of pretty girlhoo 


Now, I must be going. Rest is impossible. 


There are more adventures to come. and I seek 


may meet again. 
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THE EXPERIMENTAL METHOD AND SOCIOLOGY. IJ 


By PROFESSOR F, STUART CHAPIN 


SMITH COLLEGI 
SocraAL LEGISLATION Is SOCIAL EXPERIMENTATION 


( ys EK of the most interesting sociological experiments of modern times 

both because of its method and scope, is the vast social insurai 
scheme of the German Empire. It is a case of deliberate social e) 
perimentation. It is now quite generally recognized that under th: 
contemporary organization of industry which has resulted from tl! 
industrial revolution, the great masses of working people of industria 
nations receive inadequate wages as tested by the necessity of meeting 
the inescapable hazards of accident, sickness, death and old age. \ 
knowledge of this fact as well as a variety of separate contributory 
fluences, foremost among which was several years’ experience with sick 
benefits among labor organizations, led the German government to 1 
mulate a plan for three branches of insurance—against sickness, against 
industrial accident, and against old age and invalidity. Thes 
spective bills of the year 1881 became laws in 1883, in 1884 and in 1889 
Under them millions of German working people have been insured an 
have received protection which they could not have secured by individ 
ual assumption of the-risks. Benefits granted under the law are coi 
sidered payments of legal obligation and not a public charity. Th 
success of this vast experiment seems to be shown by its continuanc 
as a settled policy during a period of great industrial and commercia! 
expansion, and by its recent imitation on the part of Germany’s great 
competitor, England. It is claimed by Germans that no small part of 
their country’s remarkable national unity in The Great War is due to 
the strengthening effects of thirty years of social insurance among th« 
masses of the people. 

But the German experiment was superimposed from above and does 
not illustrate democratic experimentation. For examples of sociolog 
ical experimentation more directly initiated and sanctioned by th 
people, we must turn to England and America. Considering th« 
United States first, we find that social legislation on the Pacific coast 
constitutes a remarkable example of social experimentation.** Thx 
principles involved in the experimental direct legislation forms of init! 


28 Ogburn, W. F., ‘‘Social Legislation on the Pacific Coast,’’ Popular 8S 
ence Monthly, Vol. LXXXV., No. 20, March, 1915, pp. 274-289. 
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ative, referendum and recall, the direct ¢ 


mum wage and other specific labor class re 
require elaboration here. It will suffice t 
legislation by quoting Professor Ogburn, w 
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have not 


The 


experiments in summary. 


new states 


Oregon was the 


t election of senators, the presidential 


res 

tensive ten-hour law for women and to put into effs 
for women. California was the first state in scient 
ington was first to abolish private employment burea 
ciency of public schools. Oregon was third to prov 
referendum and was first to develop them. Oregon was 
primary and California was second to put into eff " 
ing of industrial diseases. There were only two it 
coast states in creating mother’s pensions. In adopt 
while not the first, second or third states, Washington, 
were in a small leading group to legislate on ho 


hours of labor on public works, factory sa 
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ship, the social evil and woman suffrags 
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of production are seen in the Grange and 


the California Fruit Grower's 


schemes of the Pillsbury Mills of Minnea 
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Company of Dayton, Ohio, the housing and 


Brothers at Port Sunlight, near Liverpool. 


Brothers of Birmingham, England. 
a semi-public nature is well-nigh endless. 


But returning to state-initiated 


The 


with social insurance is as yet too brief to 
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clusions. Yet in the field of factory 


may be observed. 


It has been pointed out 
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copper, steel and iron, textile mills and mine work, 


egisiatiol 


L,] 
" 


period J864 


. 
each 


Ni df IOLOG) 


SOMN¢ 
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29 Ibid., p. 289. 
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workman, for the children were put to work at an early age and soo 
contributed to the family income. When the working-age limit w:; 
raised and the hours of labor restricted to remedy the inhumane co: 
ditions of child labor and to provide education for the younger ge1 
eration, the immediate economic value of the child was diminish 
Pearson claims that the economic value of the child of the lab 
classes will in the long run govern its production. Hence the declin 
in the birth-rate of the English laboring classes. But he also claim 
that the decrease in quantity has not been compensated by bette: 
quality, as is ordinarily held, for he maintains that the first-born mem 
bers of a family are most likely to be abnormal, i. e., neurotic, insane, 
tuberculous and albinotic, than those subsequently born.** Whether 
we accept the last corollary or not,** the diminished birth-rate is ar 
undoubted fact and an unexpected sequel to the factory acts, whic! 
shows that all conditions in the experiment were not known at its 
beginning. 
THe DIrricuLTIeEs OF EXPERIMENTATION IN SOCIOLOGY 

The foregoing account supplements the general impression that the 
results of much experimental social legislation are as yet indefinite and 
inconclusive. The difficulty seems to be that every problem is mor 
complex than was first suspected, and in the present state of our knowl- 
edge some unforeseen factor usually appears to upset our plans and in- 
‘validate our conclusions. In other words, few of the conditions of th: 
experiment are known and consequently it is not possible to attain con- 
trol. Is this fact fatal for the experimental method in sociology ? 

We have seen that the method of experiment was to vary one con 
dition at a time and keep others constant or under control. But how 
know what the others are? Only by the method of trial and error are 
the other conditions discovered. In the early development of the now 
exact physical sciences, the method of trial and error was the only 
method which led to discovery. By this rough method the main con- 
ditions have been discovered and the way blocked out. At the present 
time, with many conditions known, there is a considerable field of ex- 


perimentation in physical science that is mere repetition by control of 


conditions previously discovered. The physicist may now set up an 
experiment with great precision and attain definite results. It may, 
therefore, be legitimate to distinguish two stages in the experimental 
method—a pioneer stage of empirical experimentation by the rough 
trial and error method, and a precise stage when many conditions ar 
known and so easily controlled. 

If this distinction is approximately true, then the record of social! 

31 Ibid., pp. 19-21. 

32 Pearson, K., ‘‘On the Handicapping of the First-Born,’’ 1914, and criti 
cism of Pearson’s memoir by L. I. Dublin and H. Langman in No. 112 of the 
Quart. Pub. of Amer. Statistical Assoc., 1916. 
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experimentation would seem to show that the sociologist is still in the 
first stage of the experimental method. Will he ever attain the second 
or precise stage of experimentation ? 

Let us first analyze the meaning of the statement that sociological 
experimentation is in the pioneer stage of trial and error experimenta- 
tion. 

The method of trial and error is a law of very general application in 
the realm of living things. Regarded from a philosophical point of 
view it might be said that natural selection is simply the operation of 
the method of trial and error in the physical world. Organic life is 
continuously putting out tentatives in the form of spontaneous varia- 
tions. Some of these variations persist, others perish. Natural selec- 
tion is the term used to describe the process by which some variations 
are selected and others rejected. The agents of natural selection are: 
limitation of food and water supply, draught, climatic change, extremes 
of heat and cold, storms, wild animals, genetic increase, etc. These 
agents act upon the structures of organic individuals, producing im- 
mediate effects in the extermination of most individuals with inadapted 
structures, and ultimate results in the survival and perpetuation of 
individuals with adapted structures. It appears that organic individ- 
uals are significant and important from the evolutionary point of view, 
only as they bear and transmit adapted structures. By this trial and 
error method, nature finally evolves her adapted type of inhabiting 
species. 

In society there is an analogous process in the principle of social 
selection. Human beings are continuously putting out tentatives in 
the form of individual and collective reactions to stimuli. Repetition 
of these reactions produces habit in the individual and custom in the 
group. Individual variations from the conduct approved by the group 
constitute the raw material of social selection. Innovators and radicals 
are subjected to group pressure to change their ways and to conform. 
Thus the agents of social selection—group ostracism, persecution and 
punishment—act upon individuals with anti-social ways, and produce 
immediate effects in the extermination of anti-social individuals or in 
the repression of anti-social ways. The ultimate results are seen in 
the survival and perpetuation of adapted ways and customs. Thus 
human individuals attain significance from the social evolutionary 
point of view, only as they bear and transmit adapted habits and 
customs. 

But unlike natural selection, social selection attains its results, the 
survival and perpetuation of adaptations, by two processes. It is neces- 
sary to distinguish these two levels in social selection in order to appre- 
hend the true significance of the trial and error method in society. 
Natural selection secures the essential adaptation by extermination of 
VOL. Iv.—16. 
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inadapted forms. Social selection accomplishes adaptation (in habit 
and custom) in primitive stages of social development, and to a lessen- 
ing degree in higher stages, by the extermination of anti-social indi- 
viduals; but adaptation is also secured by social control which falls 
short of life destruction and simply represses and constrains. 

It is this second aspect of social selection which marks it off from 
natural selection as a more discriminating process. The survival of 
adapted structures can not be attained by any means other than the 
extermination of individuals with inadapted structures, since the struc- 
ture can not be separated from the individual and because the laws of 
physical heredity are rigid. If the non-transmissibility of acquired 
characteristics were not so generally substantiated as a principle of evo- 
lution, we might look for the perpetuation of adaptations without phys- 
ical extermination. On the other hand, the significant thing for so- 
ciety is habit and custom, traits which can be separated from the indi- 
vidual and modified in the individual. Hence adaptation in habit and 
custom may be secured by constraint. Ostracism, persecution and 
punishment, are some of the forms of social pressure which lead indi- 
viduals with anti-social habits and customs to rearrange their mode of 
conduct and conform to the approved standards. Much of modern 
educational practice is based upon this fundamental principle. 

If it is permissible, as it seems to the present writer, to roughly dis- 
tinguish two methods in social selection, it would be well to differentiate 
‘between them in terminology. The writer, therefore, uses the term 
social selection to designate the process by which society secures adapta- 
tion in individual habit and conduct through the means of excluding or 
exterminating anti-social individuals, and the term societal selection to 
designate the process by which society secures the preservation of 
adapted habits and customs by means of social constraint. 

This distinction is in no sense identical with that made by Pro- 
fessor Albert G. Keller** between automatic and rational selection as 
forms of the general social process which he calls societal selection. 
The present writer considers that Keller’s distinction is not more 
fundamental than this one. Moreover, the distinction just made en- 
ables the sociologist to avoid the looser sort of analogical reasoning and 
to see at once into the heart of the selective process of society. For 
example, social selection, as defined above, may be both automatic and 
rational, the group may react suddenly and under stress of emotion 
cast out or kill the offender, as in the case of a lynching; or the group 
may exclude or kill the offender after mature deliberation, as in crim- 
inal procedure. Similarly, societal selection, as defined above, may be 
both automatic and rational; the group may react quite thoughtlessly 
and require conformity to the established customs, as in the ostracism 
of Gorki; or the group may consider the situation carefully and decide 


83 ‘Social Evolution,’’ 1915, especially Chapters 3, 4 and 5. 
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to abolish the offending custom or way, as when a legislature repeals a 
statute and enacts a new law to take its place with due provision for 
enforcement and penalties. [The passage of a law which punishes 
felony with imprisonment or death is an example of rational societal 
selection, whereas the operation of the law by which the felon is sepa- 
rated from society and imprisoned is an example of rational social 
selection. } 

It should now be clear that collective experimentation of the sort to 
be compared with the experimental method of the physical scientist is 
simply rational societal selection.** But rational selection as illustrated 
by the procedure of legislative enactment, the initiative, the refer- 
endum, and by the decisions of semi-public or class legislative bodies, is 
simply the trial and error method carried on by collective action. 

The truth of this statement will be recognized when one considers 
the vast amount of legislation which fails to correct the evils it aims 
at, and when one considers the numerous group and class experiments 
that have been inconclusive or even disastrous failures. We are now 
beginning to understand that legislation and all social experimentation 
should be guided by a more accurate knowledge of facts. Lester F. 
Ward said: 

When the people become so intelligent that they know how to choose as 
their representatives, persons of decided ability, who know something of human 
nature, who recognize that there are social forces, and that their duty is to 
devise ways and means for scientifically controlling those forces on exactly the 
same principles that an experimenter or an inventor controls the forces of physi- 
cal nature, then we may look for scientific legislation.%5 
Again, 

It must not be supposed that such legislation can be conducted to any con 
siderable extent in the open sessions of legislative bodies. These will doubtless 
need to be maintained, and every new law should be finally adopted by a vote of 
such bodies, but more and more this will become merely a formal way of putting 
the final sanction of society on decisions that have been carefully worked out in 
what may be called the sociological laboratory. Legislation will consist in a 
series of exhaustive experiments on the part of true scientific sociologists and 
sociological inventors working on the problems of social physics from the prac- 
tical point of view. It will undertake to solve not only questions of general 
interest to the state—the maintenance of revenues without compulsion and with 
out friction and a smooth and peaceful conduct of all the operations of a nation 
—but questions of social improvement, and amelioration of the condition of all 
the people, the removal of whatever privation may still remain, and the adoption 
of means to the positive increase of the social welfare, in short the organization 
of human happiness.3¢ 


SoctaL EXPERIMENTATION AND THE STarisTicAL MErTHop 
We are still in the trial and error stage of social experimentation. 

It will be some time before all the conditions of any social problem are 
84 Tbid., Chs. 4, 5. 


85‘* Applied Sociology,’’ 1906, p. 338. 
8¢ Tbid., also ‘‘Dynamic Sociology,’’ Vol. IT., p. 156. 
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known and probably many years before precise experimentation is pos- 
sible. But assuming that the sociologist will eventually attain a state 
of more complete knowledge of social conditions such that the factors 
entering into any social problem are known, may he not then pass into 
the precise stage of social experimentation ? 

The difficulty which prevents precise methods in sociological ex- 
perimentation is inherent in its data. Social units are complex as 
compared with the relatively simple units of other sciences. In physi- 
cal science the units operated upon are homogeneous, standardized ; 
whether in China or America, given the controlled conditions, the ex- 
periment will work, it may be repeated. But in sociology the units are 
not homogeneous or standardized; every unit is unique, individual, 
different; moreover, there is the constant bias of race, government, 
standard of living and political ideals. An experiment in China proves 
little or nothing for America. Welfare experiments, housing reforms, 
model villages, unemployment insurance, though successful in Germany 
and England, prove nothing final and conclusive for Americans. Every 
one of these schemes must be rearranged and adapted to American con 
ditions before it will work—and then the result may be something new, 
quite unlike the European model. Moreover, while the sociologist is 
experimenting with human units the factors change, the problem as- 
sumes a new aspect, as when legislation to correct an abuse comes after 
some unforeseen economic factor has already eliminated the evil (Amer- 
‘ican tariff laws and European wars and disturbances). Thus do 
fundamental differences in race, government, political ideals, and 
standard of living constitute the uncontrolled conditions which invali- 
date conclusions that may be drawn from much social experimentation. 

It is for the sociologists of the future to attain that stage at which 
there is complete knowledge of conditions entering into many social 
problems. Since the contemporary sociologist is denied this advan- 
tageous knowledge and is also hampered by the fundamental variability 
of his data, it would seem that precise results from the experimental 
method in society are impossible. Is there any means which may be 
used to supplement the deficiencies and correct some of the faults of the 
trial and error method applied to the solution of social problems ? 

Social scientists are beginning to recognize that an efficient tool lies 
at hand in the statistical method. Two illustrations will serve to show 
how the statistical method applied to the data of sociology helps to ob- 
viate those hindrances to the use of the experimental method which are 
due to imperfect control and heterogeneity of data.*** 

In the first place, the statistical method helps the sociologist to dis- 
cover the separate effects or relations of different factors in a given 

86a The statistical method may be defined as the group of principles which 
governs the collection, classification, tabulation and interpretation of numerical 
facts. 
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social problem. The marriage-rate and trade per head of population 
are two sociological variables usually said to be closely related in such 
a fashion that the marriage-rate fluctuates according to the general 
prosperity of the country, as shown by the course of trade. But a plot of 
the marriage-rate over a series of years indicates that there are at least 
three types of fluctuations superimposed. There is the general tendency 
of decline in the marriage-rate, the fluctuations caused by alternate 
periods of general business prosperity or depression, and the seasonal 
fluctuations due to custom. There is also a complex oscillation in the 
course of trade: the prosperity-depression fluctuations, and a gradual 
rise in the trade curve. Mr. R. H. Hooker*’ has computed the coeffi- 
cient of correlation** of the series of marriage-rates with the series of 
values per head of exports of British and Irish produce for the period 
1861-1895, and found r= 0.18, with a probable error of 0.09—a very 
low coefficient, indicating no connection between the two. The difficulty 
was that the difference in the general movements of the two curves had 
completely overshadowed the minor oscillations. In order to eliminate 
the disturbing influence of these diverse general movements and meas- 
ure the relation of the fluctuations of the marriage-rate with the pros- 
perity-depression cycle of trade, the “moving average” or “trend” 
was computed and the deviations from the trend used in working out a 
second correlation coefficient. Thus computed, the correlation was 0.80, 
probable error 0.04, a high coefficient, showing marked connection be- 
tween the two series. But since fluctuations in the marriage-rate follow 
upon oscillations in trade, it is necessary to make allowance for this lag. 
Using a lag of half a year, i. ¢., correlating the marriage-rate with the 
exports of half a year earlier, a maximum coefficient of 0.86 was found. 
Here, then, is a case involving complex conditions which are beyond the 
control of the social scientist, yet by means of statistical devices it has 
been possible to measure the strength of one relation at a time and to 
form a definite idea of the importance of this relation. 

In the second place, the statistical method helps the sociologist to 
overcome some of the hindrances to precise sociological results, caused 
by individuality of the units and the consequent heterogeneity of aggre- 
gates. The known diversity of personal characteristics seems to thwart 
any formulation of valid generalization no matter how careful the initial 
observations. Since every human individual is in a sense a unique case, 
different from all other human individuals, generalizations 1nust be 
based upon a vast number of observations if they are to be valid. But 

87 ‘*Correlation of the Marriage-Rate with Trade,’’ Jour. Royal Statistical 
Society, Vol. LXIV., 1901, pp. 485-492. 

88 A measure of the closeness of relation of two associated variables, com- 
puted by means of Karl Pearson’s coefficient r= =(zy)/no,c,, where z are de- 
viations from the average of one series, y are deviations from the average of the 


related series, ¢, and ¢, are measures of the dispersion of each series in terms of 
their respective averages, and n is the number of observations. 
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in most cases the number of observations which the sociologist can make 
is strictly limited. Consequently he must rely upon a more or less re- 
stricted series of observations to represent the totality of his phenomena. 
Right here the statistical method furnished valuable aid in its theory 
and method of sampling.*® By selecting at random a sample nv- 
merically large in relation to the variation among items in the wider 
universe, a representative group is obtained. The obstacle presented 
by the diversity of individual characteristics within the sample group 
may be largely overcome by selecting the form of the average best 
adapted to the particular data under consideration. For example, when 
extreme observations are regarded as important, the mean or arithmetic 
average is usually selected because it gives due weight to extremes; 
when extreme observations are not important or when the data are not 
susceptible of measurement in units, the observations may be ranged in 
order of their size and the mid-most observation, or median, is used as 
the average; and when there is a distinct central tendency or grouping, 
the most frequently occurring observation, or mode is used as the 
average. Furthermore, since in general, the deviations of particular 
observations from the average follow some ascertainable law, it is pos- 
sible to attain quite a precise definition of the group and thus overcome 
many of the difficulties that arise because of the individuality of items 
and their aggregate heterogeneity.*® Generalizations arrived at by 
, this process avoid many of the qualifications ordinarily introduced by 
the fact of excessive variability in sociological observations. In this way 
the sociologist may partially overcome the second great obstacle to pre- 
cise methods in his field. It may, therefore, be said that the statistical 
method bears to scientific method in sociology much the same relation 
that the experimental method bears to precise methods in physical sci- 
ence. 
SUMMARY 

To recapitulate: The experimental method has brought notable 
achievements in physical science. This method consists in controlling 
all conditions associated with a given effect save one condition, and 
varying that one. The experimental method has been used in such 
diverse fields as physics, botany and psychology—can it be used in 
sociology? Sociologists have already observed the effects of natural 
experiments—the effect of isolation on the Eskimo, the operation of 
Malthus’s law and natural selection among the Chinese—but have 
sociologists ever actively interfered with the determining conditions of 
a social problem to the extent of attaining control of the conditions? 

89 Yule, G. U., ‘‘Introduction to the Theory of Statistics,’’ chapters on 
sampling, and Chapin, F. S., ‘‘Elements of Scientific Method in Sociology,’’ 
Amer. Jour. Sociology, Vol. XX., No. 3, Nov., 1914, pp. 371-391. 

40See Zizek, F., ‘‘Statistical Averages,’’ also writings of Edgeworth and 
Pearson in the Journal of the Royal Statistical Society and the Philosophical 
Transactions of the Royal Society. 
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The social reformer is constantly hindered by moral and superstitious 
objections to practise of his plans. Even experimentation upon live 
animals is not sanctioned by all people, in spite of results that have pro- 
moted human welfare. Where should the line be drawn between ex- 
periments upon live animals and human beings? The voluntary re- 
nunciation of personal rights and the assumption by the state of the power 
to override personal rights are the only justifications for experimenta- 
tion upon human beings. Society is the only official sociological ex- 
perimenter. The utopian communities of New Harmony, Brook Farm 
and the North American Phalanx are examples of community ex- 
perimentation in simplest terms. But the results of these experiments 
were inconclusive because the experiment was performed in the social 
medium. They failed to secure the essential condition of isolation. A 
good example of sociological experimentation sanctioned by the state is 
seen in the state socialism of Germany and England. Unexpected 
results of some of these experiments show that all conditions of the 
problem were not known. Is inability to control all the conditions in a 
social problem fatal for the experimental method in sociology? In 
physical science the conditions of a problem were first discovered by the 
method of trial and error. When the conditions were known, more 
precise methods of experiment were possible. Thus the experimental 
method passes through two stages: a pioneer stage of trial and error, 
and a stage of more precise experimentation. Sociological experimenta- 
tion is clearly in pioneer stage of feeling its way. Collective activity is 
carried on by the trial and error method. There is a social selection of 
adapted ways analogous to the natural selection of adapted structures. 
But the selection of adapted ways is by two processes: social selection, in- 
volving individual exclusion or extermination ; and societal selection, in- 
volving constraint and social control. Both social and societal selection 
are forms of collective experimentation by the trial and error method. 
Legislative action is societal selection in the trial and error stage of the 
experimental method, since the results of so much social legislation are 
inconclusive. But when all the conditions of social problems have been 
discovered by the trial and error method, may not the sociologist then 
pass on to the precise stage of the experimental method? The data of 
sociology are so complex and observations show such great variation, 
that precise methods seem impossible. Is there, then, no way to over- 


come hindrances to precise methods of experimentation in sociology 
which are due to limited control and complexity of data? The statistical 
method helps to analyze out conditions of cause and effect, and assists 


in overcoming the difficulties presented by complexity of data. In 
conclusion, the statistical method bears to scientific method in sociology 
much the same relation that the experimental method bears to precise 
methods in physical science. 
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FAMILIES OF AMERICAN MEN OF SCIENCE 


By J. McKEEN CATTELL 
II. MarriaGes AND NUMBER OF CHILDREN 


HERE are thousands of volumes containing vital statistics, but 
exact studies of definite groups of individuals have scarcely been 
made. It is often assumed that we must have vast numbers of cases, 
such as are obtained by a national census, in order to secure valid sta- 
tistics, but in some directions better scientific results can be obtained 
by applying more careful methods to a limited number of cases. The 
difficulty in obtaining correct statistics is not the variable error, which 
decreases with the number of cases, but the constant errors, which can 
only be eliminated by proper methods. Thus, for example, I find that 
the parents of 871 scientific men had families of the average size of 4.65 
children, with a probable error of 0.05. The chances are even that in- 
creasing indefinitely the number of cases would give a figure varying 
only between 4.6 and 4.7, and this is as close a determination as is 
needed. But a serious mistake would be made if it were assumed that 
‘the average family of the class from which the scientific men come were 
as large as 4.65. The fathers of 865 scientific men died at the average 
age of 70.6 years and their mothers at the average age of 70.2 years. 
The chances are even that this figure is correct within one third of a 
year, and this is all we need to know. It would, however, be incorrect 
to use these figures to prove that people of that class and generation 
lived to the age of seventy years or that the men lived longer than the 
women. In the census of 1880 there were found to be in the United 
States 170,000 more children in their second than in their first year. 
As over one tenth of all the children died in their first year, this result 
is incredible, and the large number of cases only makes the absurdity 
more obvious. 
The table shows that of just one thousand leading scientific men 
for whom the information is at hand 105 are unmarried. 18 per cent. 


TABLE IV. NUMBERS AND PERCENTAGES OF SCIENTIFIC MEN WHO ARE UNMARRIED 
IN ACCORDANCE WITH THEIR AGES 





_ Ages of Sctentise Men 
— —_—_—————_-——| Total 


= 402 |269 (131 48 /|1,000 
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of those under 40 years of age are single, 10.5 per cent. of those between 
40 and 50, and 7.5 per cent. of those over 50. According to the census 
of 1900, 17.1 per cent. of men 35 to 44 years old are single, 10.4 per 
cent. of those from 45 to 54, and 7.8 per cent. of those from 55 to 64. 
There is thus a tolerably close correspondence between the marriages 
of scientific men and of the general population, but the age groups of 
the census being five years older, a scientific man is more likely to be 
married than a man taken at random from the community. This is 
perhaps contrary to general opinion. A tradition of celibacy for the 
scholar has been inherited from the Roman Catholic Church, it being 
only within the time limits of these statistics that fellows of the col- 
leges of the English universities have been permitted to marry. Pro- 
fessor Thorndike’ found that only 12 per cent. of those in “ Who’s 
Who in America” over forty years of age are unmarried. On the other 
hand, President Eliot? found 28 per cent. of Harvard graduates 20 to 
25 years out of college to be unmarried. There is a lack of satisfactory 
statistics of marriage conditions in different classes of the community. 
For different nations M. Bertillon*® states the percentage of unmarried 
men over fifty years of age to vary from 16.3 in Belgium to 3.6 in Hun- 
gary, it being 7.5 in Germany and 10.1 in France. 

Contrary to a wide-spread opinion, the marriage rate and the age at 
marriage have not varied considerably in the course of the past thirty 
years. The number of persons married annually for each thousand of 
the population in several countries has been as follows :* 

In England and Germany the rate 


issi-ises, 1910 Was highest in the quinquennial 


1909) ; c 
ei 7 eS = period 1896-1900, reaching 16.1 
See 15 15.8 22 wpamactively Thea P. 
German Empire........ 15.4 15.5 and 18.8, 1 poctave ly. Phi - 
RS, 16.1 | 155 centage of women between 15 and 
— = \aeaeea aa = 49 years of age who are married has 


been : 
There has thus been no decrease in 
marriage corresponding to the de- 1880 1900 


(or 1881) (or 1901) 


creasing birth rate which has oc- —_ 


curred during this period. In France, pee eeacemmercownnes 4 +4 
where the birth rate is the lowest, the German Empire........ 519 528 

. England Wales..., 51. 9.2 
marriage rate and the percentage of grZjmn HS 


women married are the highest. 
The marriage rate varies from year to year with economic and 
social conditions, but the percentage of women of child-bearing age 
1‘*Marriage among Eminent Men,’’ The Popular Science Monthly, 1902. 
2 Annual Report of the President of Harvard College for 1901-02. 


*‘*La Dépopulation de la France,’’ Paris, 1911. 
* Report of the Registrar-General (England and Wales) for 1910. 
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who are married proves that marriage is as usual now as it was a 
generation ago. The conditions, however, are extremely complicated, 
being influenced by birth rates, death rates, the age constitution of the 
people and immigration. The European nations with the exception 
of France have supplied great numbers of immigrants during the past 
thirty years ; these are largely people of marriageable age with an excess 
of unmarried men. This circumstance makes it more significant that 
there has been no decrease in marriage in these nations. It explains in 
large measure the relations in France and England, the latter country 
having been left with an excess in its population of over a million women 
above fifteen years of age. The comparatively high birth rates and 
death rates of a generation ago, followed by the decreasing birth rates 
and death rates which have obtained in nearly all nations for the past 
forty years, give a large percentage of the population between twenty 
and forty years of age, and are favorable to a high marriage rate and 
to a large proportion of married people. It is significant of improved 
conditions regarding the health of married women that among 900 
scientific men only 15 are stated to have children by a second wife and 
the number of children is only 29. The data also show that successive 
polygamy through divorce is unusual among scientific men. 


TABLE V. AGES AT MARRIAGE AND THE SIZES OF FAMILY 


Age......| 15-19 20-24 25-29 30-34 35-39 40- 


| Mother 
Number..| 85 229 99 21 6 


BERS. . 000 4.90 4.47 2.71 2.50 


Father 


Scientific Man 
67 196 108 
227 3256 S14 162 2.23 





Number..| 2 
2.00 


In Table V. data are given in regard to the age at marriage and the 
size of family of our leading scientific men and of their parents.’ The 


6 The data are for the 440 cases in which the families of the scientific men 
were ‘‘completed’’ and in which there were no remarriages either of the scien- 
tifie men or of their fathers. The families were taken as completed when the 
wife was 45 or older, when there had been ten years of married life without a 
child or when the period since the birth of the last child added to the mother’s 
age is at least 45. Some of the families are then not absolutely completed, but 
the births would be very few. None of the 11 women who were more than 39 at 
marriage had children, although newly married women of this age are more 























FAMILIES OF AMERICAN MEN OF SCIENCE 251 


fathers married at the average age of 28 years and the mothers at the 
average age of 22.9 years. The median ages are naturally lower than 


the average ages, as marriage can be postponed beyond the average 
longer than it can precede this average. The distribution of ages is also 
shown in the table. Five of the fathers and 85 of the mothers married 
under the age of twenty, 137 of the fathers and 27 of the mothers be- 
yond the age of twenty-nine, 298 of the fathers and 328 of the mothers 
between twenty and twenty-nine. The scientific men themselves mar- 
ried at the average age of 29.5 years and their wives were on the 
average 26.6 years old. The sons married about one and a half years 
later than their fathers and their wives nearly four years later 
than the mothers. There is a statistical anomaly in this comparison, 
especially as regards the mothers, for women who married late would 
have few children or none, and the average age of the mothers 
would thus be reduced as compared with the wives. The differences are 
partly due to the fact that all the scientific men and only part of the 
fathers belong to the professional classes; and there has probably been 
an increase in the age of marriage of the professional classes in this 
country ; but the figures show that any such increase must be small. 

Bertillon gives the following figures for the average age at marriage 
in the period 1896-1900: 


First Marriages All Marriages 
Men Women Men Women 


26.6 25. 28.4 
27.9 29.6 
27.5 8 29.8 
9g 3 


30.9 


Austria _ 
Sweden 28.7 30.2 
99.2 2/. 31.0 


The age of marriage is highest in the Scandinavian nations; 
lowest in the Sclave nations; it is as low in France, with its smal] 
rate, as elsewhere. In England in the case of first marriages the 
band is one and a half years older than the wife, in France, nearly 
and a half years older. The age of marriage for first marriage 
increased in England by about three fourths of a year since 1896, before 
which date the registrar-general regards the records as inaccurate. The 
ages of the consorts at first marriages have increased from 26.59 and 
25.08 in 1896 to 27.46 and 25.81 in 1911. The average age at which 
widowers marry has increased from 44.49 to 46.42; for widows from 


likely than others to bear them. A larger error is due to the selection of fam- 
ilies, as those having few or no children would be more likely to be completed 
The 211 incomplete families have on the average 1.90 children, which is about the 
same as for the completed families of parents of the same age. 
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40.58 to 41.74. In the quinquennial period 1876-80, 7.8 per cent. of 
the husbands and 21.7 per cent. of the wives were under twenty-one, in 
1911 these percentages had decreased to 3.9 and 13.3. The professional 
and well-to-do classes marry later than the average; thus in England, 
the ages of the men and women are, respectively, about 32 and 27 
years, as compared with about 26 and 24.5 years for the artisan and 
laboring classes. It thus appears that American scientific men marry 
at a somewhat earlier age than the professional classes in England and 
their wives are of about the same age. 

The table shows that the size of family of the parents of the scien- 
tific men—the fraternity of the scientific men—decreases decidedly as 
' the age of the mother at marriage increases. It is about five and a half 

when the mother is under twenty; it decreases to four and a half when 
she is between twenty-five and thirty and to scarcely over two and a 
half when she is between thirty and forty. The decrease would be some- 
what greater if barren marriages were included ; but it is altered in the 
opposite direction by the fact that the larger family has the better 
chance of giving birth to the scientific man. The decrease in the size 
of family with the advancing age of the father is less, and depends 
mainly on the fact that older husbands are likely to have older wives. 
The age of the wife tends to increase about one year as the age of the 
husband increases by two years. According to the New South Wales 
statistics, admirably compiled by T. A. Coghlan,® the size of the family 
‘is five when the mother marries at 21, and as the age of marriage in- 
creases to 24, 28 and 32, the size of the family decreases to approxi- 
mately four, three and two. In the case of the scientific men the family 
is 2.59 when the mother was 20 to 24 years old at marriage and 2.44 
when she was 25 to 29. It is only two in the fifteen cases when she 
was under twenty. A comparison of these figures with those for the 
larger families of the preceding generation is significant, as they seem 
to show the condition when the family is small and limited. Under 
these circumstances there is but slight difference in the number of 
children when a woman marries at ages from 15 to 29. After thirty, 
however, there is a marked decrease, the size of family being 1.6 for 
women marrying between 30 and 34 and only 0.6 for those marrying 
between 35 and 39. Less than half of those marrying between 35 and 
39 had children and none of those who married at the age of 40 or older 
had children. 

The families from which our scientific men come had on the average 
4.7 children, and those scientific men who are married and whose 

families are complete have on the average 2.3 children, these figures 
including all the children born. Sir Francis Galton’ found that a 


¢‘*The Decline on the Birth Rate of New South Wales,’’ Sydney, 1903. 
7 ‘* English Men of Science,’’ London and New York, 1875. 
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group of about 100 English scientific men (excluding barren marriages) 
had, on the average, 4.7 children, and their parents 6.3, and remarks: 
“This implies a diminution of fertility as compared with that of their 
parents, and confirms the common belief in the tendency to an ex- 
tinction of the families of men who work hard with the brain.” Mr. 
Havelock Ellis* found that 214 fertile marriages of British men of 
distinction produced, on the average, 5.45 children, while 276 “ genius 
producing families” consisted, on the average, of 6.96 children, and 
remarks that “men of genius belong to families in which there is a 
high birth rate, a flaring up of procreative activity.” He says further 
that this “might, indeed, have been anticipated. The mentally ab- 
normal classes generally belong to families with a high birth rate”; and 
quotes data in regard to criminals and the insane. Thus two wide 
generalizations—that intellectual performance conduces to sterility and 
that genius is allied to insanity—are based on a curious statistical 
fallacy for which one would swppose Galton the least likely of men to 
be responsible. 

In a population whose families remain of the same average size in 
successive generations, every one, whether he be a scientific man, a 
criminal or a tailor, is likely to come from a larger family than he has. 
If, for example, all families were of one or of seven children equally 
divided, the average family would be four in each generation, but the 
children would be seven times as likely to come from the larger family 
and would belong to a family which, on the average, would be 6.25. 
With an average family of three, the size of 100 families would be dis- 
tributed approximately as follows: 


8 gO =r 0 1 2 3 St Ge 8 2 
No. of families ......... 10 20 13 = ‘ 


99 
ow 





When then we count up the average size of the family from which each 
of the 300 children come, it will be found to be 4.15. As our scientific 
men come from families of the average size of 4.7, one may con- 
clude that the families of the class to which they belonged were of 
the average size of about 3.4. In one generation this family has been 
reduced to 2.3, owing either to a general fall in the birth rate or because 
scientific men have families which are smaller than those of the classes 
to which their parents belonged. Both factors are present; there is a 
general decrease in the birth rate and the educated classes have families 
smaller than the average. 

In Table VI. is given information in regard to the sizes of family 
of the parents of scientific men in accordance with their nationalities 
and their occupations. The Germans had families of the average size 
of 5.7, the British of 4.8 and the native Americans of 4.5. The prob- 


8**A Study of British Genius,’’ London, 1904. 


















254 THE SCIENTIFIC MONTHLY 


able errors show that these differences are not due to the limited number 
of cases. It is known that immigrants from foreign nations have larger 
families than native Americans, but these figures probably give the 
only information in regard to the 
families which produce scientific and ™2™® V THE SIZES OF FAMILY OF 
other professional men. The dis- Ae ee ee 
IN ACCORDANCE WITH THEIR 
parity is not so great as in the so- NATIONALITIES AND THEIR 
called lower classes, but it is suffi- OCCUPATIONS 
cient to indicate that in the profes- 
sional classes descendants of recent _— 
immigrants from Germany and Great American 
Britain will in part supplant the oe 
descendants of native Americans. It Others 
is, however, the case that immigrants Total 
are likely to become assimilated to * . 
. , - * , Professions........... 
native Americans in size of family as Clergymen 
well as in other respects. Physicians ........ 
The parents of scientific men from te 
the agricultural classes had families _ Others 
. i 2 griculture 
of the average size of 5, those en- Manufacturing and 
gaged in manufactures and trade of 
4.6 and those in the professions of Total 
4.5. It was shown in the previous 
: article that the agricultural classes contribute in proportion to their 
numbers only one thirtieth as many scientific men as the professional 
classes, and this disparity is in- 
TABLE VII. THE SIZES OF THE FAMILIES creased by their larger families. 
RR ae a ae Among the professions, physicians 
CORDANCE WITH THEIR oy 
oimitinnmaan had the smallest families and clergy- 
—_ — men the largest, but the differences 
are not large, the family of the 
American clergyman being smaller than the 
British | family of the farmer. These figures 
do not, of course, give information 
in regard to families of the present 
generation, in which the differences 
are probably greater. 

In Table VII. are given the figures for the children of the scientific 
men in accordance with their nationalities. The Americans have, on 
the average, a family of 2.19 children, the British of 2.43 and the 
Germans of 3.21. The German family is thus nearly 50 per cent. larger 
than the American. The number of foreign families is, however, too 
small to give valid averages. It would be very desirable to obtain infor- 
mation in regard to the size of family and other vital statistics for dif- 
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ferent nationalities and social classes in our population. A single expert 
in the Bureau of the Census could collect and collate such data in the 
course of a couple of years at insignificant expense. 

Table VIII. gives the sizes of the families from which the scientific 
men have come and which they have in accordance with the geographical 
division in which they were born and in accordance with whether they 
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TABLE VIII. THE SIZES OF THE FAMILIES FROM WHICH THE SCIENTIFIC MEN COME 

(THEIR FRATERNITIES) AND WHICH THEY HAVE (THEIR CHILDREN), IN ACCORDANCE 

WITH THE REGION OF THEIR BIRTH AND WHETHER BORN IN THE CITY OR IN THE 
COUNTRY 


Country Born City Born 
Divisions - . 
No. Fr. Ch. N Fr Ch 





North Atlantic 206 , 4.40 .34 4.18 | 2.22 33 4.32 | 2.29 
South Atlantic | 17 | 453 | 2.29 §.12 | 2.18 3 4.82 | 2.24 
South Central 5.7 2.86 E 3.80 | 4.40 ; 4.92 | 3.50 
North Central....... 5 4.99 17 , 4.75 77 95 4.94 | 2.09 
Western 6.00 | 4.00 } 6.20 60 6.10 2.80 


etal, .0000 epsnnpace 4.68 2.31 195 | 4.43 | 2.15 4.60 2.25 


were born in the country or in the city. The differences are small. 
When the parents lived in the country or in small places at the time of 
birth of the scientific man, they had on the average 4.68 children; and 
when they lived in towns which in 1900 had a population of 25,000 or 
over, the size of family was 4.6. The scientific men born in the country 
had on the average 2.31 children, those born in towns, 2.15. As it will 
take a long time to correct the common idea that children born in the 
country are more likely to attain success and distinction than those 
born in cities, attention may again be called to the fact that 34 per 
cent. of these leading scientific men were born in cities having in 1860 
about 12 per cent. of the population of the country. The greater pro-% 
ductivity of cities in men of distinction is doubtless in part due to the 
fact that the abler and more enterprising people are drawn from the 
country to the cities, their children inheriting superior ability, and in 
part to the fact that the city-born children have an environment more 
favorable to education and to success in scientific work. 

The number of families from the southern and western states is too 
small to give reliable information in regard to the number of children. 
The fraternities of the scientific men from the North Central States 
are larger than of those from the North Atlantic States, but their own 
families are smaller. The differences are small, but apparently sig- 
nificant. The scientific men born in the North Central States came 
from families of 4.9 and had families of 2.1, those from the North 
Atlantic States came from families of 4.3 and had families of 2.3. A 
generation ago the families of the Central States—at least those of this 
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particular class—were larger than those of the Northeastern States: 
they are now slightly smaller. The fertile and wealthy state of Iowa 
had a smaller population in 1910 than in 1900. The increase in the 
population of the country is maintained by immigrants and the children 
of immigrants. The 87 scientific men born in Massachusetts had fra- 
ternities of 4.1 and families of 2.1 children, the 117 born in New York 
State had fraternities of 4.5 and families of 2.3 children. 

The table shows the great preponderance of the North Atlantic 
and North Central States in the production of scientific men and the 
infertility of the south, concerning which statistics have been given b) 
the writer in previous articles. The birth rate of leading scientific men 
per million of the population has been 107 in Massachusetts, 89 in 
Connecticut, 47 in New York, 23 in Pennsylvania, 32 in Ohio, 36 in 
Michigan, 45 in Wisconsin, 24 in Illinois, 12 in Missouri, 9 in Virginia, 
5 in North Carolina, 3 in Georgia, 2 in Alabama, 1 in Mississippi and 
Louisiana. In recent years, however, the North Central States have 
been gaining and the North Atlantic States have been relatively losing. 
Thus for younger men the birth rates in figures comparable to those 
given above have fallen to 85 in Massachusetts, 57 in Connecticut and 
36 in New York, whereas they have risen to 35 in Ohio, 74 in Michigan 
and 54 in Wisconsin. These differences and changes the writer is 
disposed to attribute in the main to environment rather than to 
heredity. From the family stocks of Massachusetts, Michigan or Louisi- 
ana, we can obtain as many competent scientific men as we care to edu- 


cate and support. 


TABLE IX. THE SIZES OF THE FRATERNITIES AND FAMILIES OF THE SCIENTIFIC MEN 


Fr. Ch. 


4.50 2.18 
5.04 | 2.62 
4.69 2.29 


Larger universities. 

Smaller state institutions.................c000-seceesssecscesees 
Smaller private institutions 

U. 8. government 4.64 | 2.00 
Commercial and private 4.72 | 244 
Research laboratories, etc 56 4.52 2.41 


sdsinpaciad | 4.65 2.28 





The distribution of the families among different kinds of institu- 
tions is given in Table IX. The fraternities of the scientific men are 
substantially the same in all cases. The only instance in which the de- 
parture from the average exceeds the probable error is for the smaller 
state-supported institutions, and the difference here may not be sig- 
nificant. In the case of the children of the scientific men, the size of 
family is probably influenced by the environment. The 61 men in the 
government service, most of whom live in Washington, have the smallest 
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families, those in the smaller state-supported institutions the largest. 
The probable errors of the figures are about 0.1, so the differences are 
not likely to be due to chance. The 61 men in commercial work, or 
having no institutional] affiliations, and the 56 men in research and re- 
lated institutions have families larger than the average, while those in 
the larger universities have families smaller than the average. In the 
larger private universities the situation, for those with 10 or more pro- 
fessors who supplied the information, is: Harvard, 42 families with an 
average of 2.2 children; Yale, 16 and 2.0; Chicago, 25 and 2.1; Johns 
Hopkins 12 and 2.1; Cornell, 29 and 2.3; Stanford, 13 and 2.4; Prince- 
ton, 10 and 2.5; Pennsylvania, 13 and 2.5; Columbia, 25 and 2.7 
The smallest families are at Yale, Johns Hopkins and Chicago, 
largest at Princeton, Pennsylvania and Columbia. The larger state 
universities have professors with the smallest families, the size of family 
being Michigan, 17 families with an average of 2.1 children ; Minnesota, 
10 and 1.8; Wisconsin, 15 and 1.7; Illinois, 15 and 1.6. 

The figures given are for completed families and for all children 
born. The death rate for the children of scientific men is unusually 
small, 75 per thousand to the age of five years and about 120 to the age 
of marriage. The marriage rate for scientific men is high, 895 among , 
the thousand being married. None the less it is obvious that the 
families are not self-perpetuating. The scientific men under fifty, of 
whom there are 261 with completed families, have on the average 1.88 
children, about 12 per cent. of whom die before the age of marriage. 
What proportion will marry we do not know; but only about 75 per cent. 
of Harvard and Yale graduates marry; only 50 per cent. of the grad- 
uates of colleges for women marry. A scientific man has on the average 
about seven tenths of an adult son. If three fourths of his sons and 
grandsons marry and their families continue to be of the same size, a 
thousand scientific men will leave about 350 grandsons who marry to 
transmit their names and their hereditary traits. The extermination 
will be still more rapid in female lines. 

If the families of the scientific men should increase at the rate of the 
general population, the thousand leading scientific men would have 
some 6,000 grandchildren instead of fewer than 2,000. These well- 
endowed and well-placed people would probably have an average eco- 
nomic worth through their performance of not less than $100,000, and 
the money loss due to their non-existence is thus $400,000,000. The 
loss to the welfare of the nation and the world from the suppression of 
the social traditions and the germplasm is incalculable. Until demo- 
cratic society learns that services for society must be paid for by society, 
and that the two most important services are scientific tesearch and the 


. . * . . ————* . 
bearing and rearing of children, the universities, on which three fourths 


of our scientific men depend for support, have great responsibilities. 
VoL. 1v.—17. 
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They to a certain extent profess that research is part of the work for 
which their professors are paid, but they do not acknowledge a similar 
obligation in regard to the children of professors. Columbia Univer- 
sity gives, under certain faculties, scholarships to the sons of professors ; 
Yale University has had a statute by which a married professor re- 
ceived a slightly increased salary; the provisions of the Carnegie Foun- 
dation benefit married professors. But these are slight acknowledg- 
ments of the obligations of our universities. 

President Eliot tells us that “the welfare of the family is the ulti- 
mate end of all industry, trade, education and government”; but, in 
his book on “ University Administration,” he writes :° 


The general features of a good scale of salaries are as follows: The salary 
of an annual appointee at the start should be low, about the amount needed by a 
young unmarried man for comfortable support in the university’s city or village. 
When, after a few years, this young man receives an appointment without limit 
of time, a somewhat higher salary should be given him, with a small advance 
each year for, say, three years. If this instructor so commends himself that the 
university desires his further service, he should receive, as assistant professor, a 
salary which will enable him to support a wife and two or three children com- 
fortably, but without luxury or costly pleasures. 


The scientific man receives his doctorate at the average age of twenty- 
seven years and is then eligible for an instructorship with a salary for 
an “unmarried man”; after “a few years” and then “three years” 
more he is to receive a salary which wil! enable him to support “ two or 
three children.” President Eliot also says: 


The recent tendency of sons of well-to-do, and even rich, families, to go into 
the ministry, the medical profession, academic life, and the public service, is one 
in which all patriots may well rejoice. .. . It is a good deal safer to give a life 
office to a married man on whom marriage has proved to have a good effect, than 
to a single man who may shortly be married with uncertain results. 


There might well be inscribed at Harvard and at other universities 
the words which President Eliot wrote for the Water-Gate of the Chi- 
cago World’s Fair, changing one word, so that it would read: 


TO THE 
BRAVE VOMEN 
WHO IN 
UNIVERSITIES 
AMID STRANGE 
DANGERS AND 
HEAVY TOIL 
REARED FAMILIES 
AND MADE HOMES 


























— 








FAMILIES OF AMERICAN MEN OF SCIENCE 259 


The vital statistics of the United States are entirely inadequate. 
Where registrations of deaths and births exist, they are imperfect, and 
the changing population, its age composition and the amount of immi- 
gration render them difficult to interpret. The only information con- 
cerning birth rates is given by the proportion of children as determined 
by the census,’® but even this is unreliable. It might be supposed that 
it would be possible to determine the number of children by counting 
them, but this is not the case. 
The children reported in the cen- 
sus of 1850 were fewer than the 
survivors (with the comparatively 
small excess of immigrants) 
counted ten years later. There 
are always more children given 
as two years old than as one—in 
1880 as many as 170,000 more. 
Nor can we have complete confi- 
dence in the compilations of the 
experts of the census. Thus in 
the case under consideration they 
give™ figures showing that the 
white population of the United 
States increased from 1790 to 
1800 by 35.7 per cent., adults over  ‘4- 
20 by 50.9 per cent., and children 
under 16 by 38.8 per cent., whence 2 a 
it follows that children from 15 ' 7 a ee a 
to 19 decreased 22 per cent. This Servos tw wre wae wes ese Tees aI0 Tad ee 
is of course absurd and is due to wird. 1. Rares or Watts ApuLtTs oF 
Se_r-SupporTinc Acp To WhiTre Cu 

a gross error of some sort. How- DREN UNDER SIXTEEN YEARS IN THE 
ever, the ratio of white adults U%!T=> States, according to the Bureau 
twenty years of age and over to ne on 
white children under 16, according to the census reports, is shown on the 
curve. The percentage of children under 16 years of age in the white 
population increased from 1790 to 1810 and-was the same in 1820 as 
in 1790. In 1810 just half the white population consisted of children 
under 16; in 1900 the percentage of children had decreased to 35.7 

10In January, 1917, was issued the first bulletin from the Bureau of the 
Census giving birth rates for ten states. 

11‘**A Century of Population and Growth,’’ Bureau of the Census, 1909, pp. 
80 and 103. An answer to a letter addressed by the writer to the director of the 
census partly explains the way this error was committed—but the explanation 
was marked ‘‘confidential’’! It is, however, no violation of this confidence to 
state, as the information is available from official reports, that figures were not 
at hand prior to 1830 and that these were guessed—it appears very awkwardly— 
80 as to give a regular curve. 

































260 THE SCIENTIFIC MONTHLY 


From a special study by Mr. Kuczynski,” it appears that the birth 
rate of the native population of Massachusetts has been 63 per thousand 
women of child-bearing age, as compared with 85 in France, 104 in 
England and 143 in Russia. Its birth rate per thousand of the popu- 
lation was 17, the size of family 2.61 and of the surviving family 1.92. 
Special statistics have been gathered for college graduates. President 
Eliot in his report for 1901-02 stated that 634 married Harvard grad- 
uates of the classes from ’72 to ’77 had an average family of 1.99 sur- 
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viving children. Only 71.9 per cent. of the graduates were married, 
and the number of children for each member of the class was 1.43. 
If only 72 per cent. of Harvard graduates are married at the average 
age of fifty, it is a serious indictment of the kind of men who go to 
Harvard or of the influences under which they come. We have seen that 
91 per cent. of American men of science over 40 are married. Other 
data concerning the families of college graduates have been published 
by Professor Thorndike** and others. 

Curves are here drawn for some of the data, which show that the 

12 Quarterly Journal of Economics, November, 1901, and February, 1902. 

18 ‘The Decrease in the Size of American Families,’’ Edward L. Thorndike, 
Popular Science Monthly, 1903. 
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gross size of the family of college graduates has decreased from 5.6 at 
the beginning of the century to 2.5 for classes graduating in 1875, 
while at that time the size for Harvard was about 2. A projection of 
these curves—which of course gives no scientific information—shows 
the curious result that if the decrease should continue at the same rate 
students graduating in 1835 would have no children. The average col- 
lege graduate has a family of about the same size as the scientific man 
of the same age. Data collected for the graduates of Yale,’* in the 
classes 1869-86 twenty years after graduation and thus not quite com- 
plete, give the following results for different occupations: 
Graduates of colleges for women 
also have had families of about two, 
but half of them remain unmarried. 
The Harvard graduate thus has on ya ao 
the average three fourths of a son, Education................. 163 
the Vassar graduate one half a s-- an 
daughter. Merchant 82 

Since this article was written and Miscellaneous............|_ 258 
published in abstract elsewhere,” 
there have appeared two excellent articles on the size of family of college 
graduates. Johnson and Stutzmann” find that about half of Wellesley 
College alumne graduating from 1879 to 1888 married and had 


Occupation Marriages Family 


families averaging 1.56 children. John C. Phillips*’ gives data from 


the class reports of Harvard and 


TABLE X. THE SIZES OF THE FAMILIES , : » 
Yale students compiled twenty-five 


¥ ACCORDANCE WITH THE EDU- ; 
CATION OF THE MOTHER years after graduation. Seventy- 


four per cent. of Harvard graduates 

and 78 per cent. of Yale graduates 

tee lam had married. The number of chil- 

1.79 1.98; 1.88 dren born for each married grad- 

_ uate decreases from about 3 in the 

2.33 fifties to 1.8 in 1890. As Mr. Phil- 

- 117 145 lips points out, the decrease becomes 
3.43 2.69 2.71 slower between 1875 and 1890. 

In Table X. it is shown that the 

families of scientific men in which 


College Partial None 


60 381 629 
2.12 2.35 2.23 
: the mothers have had a college edu- 


cation are not appreciably smaller than others. If one regards only the 
total, it appears that when the mother had a college education the aver- 


14 Yale Alumni Weekly, 1907. 

18 Proceedings of the First National Conference on Race Betterment, Jan- 
uary, 1914; The Independent, September 17, 1915. 

16 Journal of Heredity, 1915. 

17 Harvard Graduates Magazine, September, 1916. 
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age family is about 2, when she had a partial college education 2.1 and 
when she had none 2.3, but these differences are chiefly and probably 
entirely due to the fact that the younger scientific men have the smaller 
families and at the same time are more likely to marry college grad- 
uates. If we divide the scientific men into three age groups, the differ- 
ences become much less, and if the groups were subdivided still further 
they would probably disappear. This illustrates the possibility of sta- 
tistical fallacies when a group is not homogeneous. Of the scientifi 
men under fifty, 109 married college graduates and had families of the 
average size of 1.81, 33 married women with a normal school or partial! 
college education and the average family was 1.79, 119 married women 
without a college education and the average family was 1.98: 54 per 
cent. of scientific men under 50 have married women with a college edu- 
cation ; for scientific men from 50 to 59 the percentage falls to 35 and 
for those 60 or older to 19. 

The figures result not only from the increasing numbers of women 
undergoing higher education, but also from an extension of common 
scientific interests and pursuits for men and women. A distinguished 
biologist has observed that “if marriages are made in heaven, Woods 
Hole may be regarded as a branch office.” To the same biologist we owe 
the remark that “eugenics is an infant industry.” There is truth in 
both epigrams. The percentage of men who have married women with 
whom they have been thrown into association as teachers or fellow stu- 
dents is large, and we are at present ignorant of the results of such 
marriages. Small as are the families of scientific men, it is here shown 
that they are not so because the mother is a college graduate. If both 
mother and father have common scientific aptitudes and interests, the 
physical heredity and social traditions should lead the children to 
follow similar scientific pursuits with an early start and favorable 
opportunities. I shall be able to give the percentage of fathers and 
sons, or of two or more brothers, who have engaged in scientific work, 
and it may be possible to determine the effect when the mother also has 
scientific interests and ability. 

(To be continued) 
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THE FUNDAMENTAL NATURE OF POPULATION 


By PROFESSOR SPENCER TROTTER 


SWARTHMORE COLLEGE 


I 


MAN’S thoughts and activities are so much a part of his tem- 

perament, and this again so much a matter of inheritance, and 
the whole man so much a product of his surroundings, that the “ feel- 
ings” he experiences and the “things” he does can hardly be said to 
originate within himself. Aside from the purely subjective sensations 
of hunger, desire, fatigue and the sense of ill, or well-being, the feel- 
ings of a man may be said to originate from without—to be objective— 
a result of the impress made upon him by the surrounding world of 
men and things. Likewise, what a man does, his actions and their 
furtherance in work, arising from these various feelings, can no more 
be said to originate in him than the feelings which prompted him to 
do thus and so. In other words, a man is seen as the sum of his in- 


herited traits plus his surrounding conditions. These set the pace for 
him, thwarting him here, driving him to results there, encompassing 
him with limitations or sending him through some loophole of oppor- 
tunity. 

The succession of events that makes up the active life of any in- 
dividual thus resolves itself into a matter of “feeling” and “doing,” 
or, reduced to physiological terms, of sense and action. Structurally 


ia 


this involves a sensort-motor mechanism in the individual, a complex 
of nerve fibers which transmit impulses received from the various sorts 
of stimuli that arise from the energy of the outside world through the 
mediation of certain peculiar nerve-end structures (special sense-or- 
gans) to groups of centrally located nerve-cells (brain and spinal cord 
ganglia) which receive these sensory impulses, and, as a result of 
molecular changes induced in their living matter or protoplasm, send 
out impulses along motor nerve tracts to muscle, gland or other struc- 
ture thus innervated. 

We can only surmise as to the nature of a nervous impulse. It is 
reasonably certain, however, that the transit of an impulse along a 
nerve fiber and its modification in the cell-substance involves changes 
in the positions of those innumerable molecules that form the physical 
basis of all material things. And likewise the changes brought about 
in a sensory organ, whereby a raw stimulus of the outer world stirs the 
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nerve ends into transmitting impulses perceived as light, or sound, 
smell, taste or touch, as the case may be, are also molecular in their 
nature. It matters little what the character of the impulse is, all are 
probably transmitted in much the same fashion; it is in the discrimi- 
nating quality or function of the cell substance at the central end, in 
the brain, that determines the difference. Whether it be sight or sound 
is not then so much a matter of nerve fiber or of eye or ear, but lies in 
the fact that the special nature of the central cell substance in that par- 
ticular part of the brain to which the impulse is transmitted is im- 
pressed by only one sort of impulse—that of light or that of sound. 
As William James puts it hypothetically, if the optic nerve could be 
spliced on to the nerve of hearing so that an impulse generated in the 
retina by the physical stimulus of light was thus switched off to the 
auditory area in the temporal lobe of the brain, and at the same time 
the visual area of the brain brought into connection with the end organ 
in the ear, we should then hear lightning and see thunder. 

The molecular change involved in the passage of an impulse from 
the central cell along a motor fiber to a muscle is quite likely of the 
same nature as the sensory impulse, only it is outgoing instead of in- 
coming and its results are peripheral—the liberation of a vast amount 
of energy in a muscle fiber causing its contraction with a consequent 
display of motor activity. The probable nature of this molecular 
change in nervous matter was illustrated by the late William Kingdon 
Clifford as a tipping or falling over of one molecule against another, 
much as a row of blocks or cards set upright would fall over against one 
another, starting a motion that traveled along the whole line, upsetting 
the positions of molecules in the central substance which imparted a 
like motion outward along a motor nerve. Such an illustration is 
helpful in getting some idea as to how a nerve impulse travels. It 
should not, however, be construed into an explanation of the ultimate 
nature of a process which can not be demonstrated, only inferred. 

The brain, with its discriminating faculty in regard to sensory im- 
pulses flowing in from the outer world and its transmission of these 
effects into motor impulses, is thus the real criterion in the life of an 
individual. And furthermore, certain of its structures have, by the 
peculiar nature of their molecular substance and by their connection 
through association fibers with various centers of impression, developed 
a memorial faculty and a faculty of imagery which enter into that com- 
plex life of the mind where purposive functions, judgment, volition 
and consciousness—all that we comprehend as intelligence—have free 
play. 

The various activities involved in this sensori-motor mechanism of 
the individual imply a continual loss of substance, a waste of material 
that is made good from time to time through food and rest. Whatever 
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the life-force or vital principle may be in ultimate analysis, it is ap- 
parently bound up with the chemistry of oxidation or combustion. 
Waste and repair are always the accompanying terms of the process, 
and the tangible products of this loss of substance are water and car- 
bon dioxide. Living matter itself, in ultimate analysis, appears as a 
combination of four main elements—carbon, hydrogen, oxygen and 
nitrogen—and of these four the last one named seemingly holds the 
master key of all vital processes. Whatever else a molecule of living 
matter may contain, nitrogen is always one of its constituents. With- 
out the presence of this element there is no life. The actual part that 
it plays in the combination of an active, living molecule is certainly 
not known. Oxygen does not combine with it in those destructive 
processes that appear to energize the molecule. Its rdle seems to be 
connected in some way, as yet little understood, with the constructive 
processes of life, enabling the molecule to assimilate the reparative ele- 
ments in food. 

Throughout the entire world of animals and plants the basic proc- 
esses Of life are the same. These two forms though they pursue the 
same ends, by the same means, in nutrition, growth and reproduction, 
yet each has its distinct rdle in the conservation of universal energy— 
the one kinetic (energy in motion), the other potential (energy at rest). 
This is the sole reason for the existence of each, and this, too, is the 
reason for their difference. In the world of green plants the molecules 
of waste from the activities of animal life are split up into their com- 
ponent atoms and again recombined into molecules of more complex and 
less stable constitution, as starch, sugar and the protein compounds. 
This is accomplished by the chlorophyll or green coloring matter of the 
leaves and other green parts through the influence of the actinic or 
ultra-violet rays of sunlight. These unstable substances are potential 
by virtue of their instability, and when taken into the animal body as 
food their energy is liberated by the destructive process of oxidation 
and becomes kinetic, at the same time breaking down into the simpler, 
more stable molecules of water (H,O), carbon dioxide (CO,) and am- 
monia (NH,), which are again taken up by the world of green plants. 

Life is thus under the same compelling forces that dominate the 
matter of the world at large. The plant finds its counterpart in the 
energy stored up in the impounded water of a lake or reservoir which 
when liberated by the opening of flood-gates pours forth under the 
influence of gravity and manifests its energy, like the animal, in various 
ways along its course. Reaching the ocean, these water molecules are 
lifted up by the heat rays of the sun and drifting over the hills as 
clouds fall in showers of rain to replenish the waters of the highland 
springs and lakes from which the rivers flow. 

Certain processes of animal life as nutrition, respiration, growth and 
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reproduction, are akin to these same processes in plants and may be 
regarded as vegetative in contrast to the purely kinetic manifestations 
of the sensori-motor mechanism which are distinctly animal. 

II 

The deep stream of racial life appears in each individual, not only 
in its somatic or bodily manifestations, but as a well-spring of impulse 
that underlies consciousness—the subconscious or subliminal self. It 
is in this field of the subconscious that the reactions of the individua! 
as a unit of population are most manifest, those reactions that are in- 
stinctive in the life of a race and that endure from generation to gen- 
eration. The whole complex of social sentiments is of this racial sub- 
conscious quality. The individual acts in this respect not as a “ free 
agent,” but as an integral part of the whole body of population. Con- 
sciously he may “think for himself”; subconsciously or instinctively 
he reacts as the social sentiment determines. This social sentiment 
may appear as ephemeral and only of the moment, or as an uprising of 
the deep racial stream. In either case it has its origin, not in any in- 
dividual consciousness, but in the subconscious flow that permeates the 
whole mass of population. 

This unity of individual and population is fundamental and results 
from the nature of life itself. The nutritive processes of the individ- 
ual are concerned not only with his maintenance, but with his growth 
as well. A definite expenditure of energy is required in the formation 
and development of an individual and in the processes of somatic or 
bodily growth to bring the organisms up to a certain physiological point 
—that of potential reproduction. At this point somatic growth, 
through a surplus of energy, expands beyond the limits of the individ- 
ual organism into the growth of the body politic. Population is thus 
a continuance of individual growth; both are the results of the same 
process—the formation of units from preexisting units through growth. 
Reproduction is only an expanded phase of the growth of the individ- 
ual. Carried into the higher nervous centers this fundamental growth 
process expresses itself in two closely related phases of individual ex- 
istence—the food quest and the ser impulse; the first intimately con- 
cerned with the individual maintenance, the last with the maintenance 
of the race and of population. 

Population as it presents itself to an observer, is to be regarded as 
any point in the flow of those hereditary qualities that constitute race 
or species. It is a momentary view-point of the great currents of hu- 
man life; here flowing in separate channels of diverse features; now 
mingling in some deep settling-pool, some center of mixing popula- 
tions, later to flow out as the current of a historic stream; again and 
again receiving a depressing or an invigorating tributary from other 
channels of the vast flow, its whole mass continually changing and stil! 
holding some of the original qualities of its fountain-head. 
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III 
The vast assemblage of floating life that peoples the ocean world, its 
varied forms more or less submerged and drifting aimlessly in the set 
of wind and current, has received the comprehensive name of the 
plankton. It is distinctively the floating life (plagtos, wandering), 
and embraces, among other forms, those multitudes of minute, unicellu- 


lar organisms which probably have existed in the primordial sea since 
its beginning as a sea, and from which all the other beings of the world 
have been evolved. This primitive ocean environment has left its mark 
on the higher life, on creatures that emerged from the plankton and 
‘his needs no 


I 
after countless ages found an abiding place on the land. 7 
further comment, no more than does the equally familiar fact that each 
and every individual starts its existence as a unicellular organism simi- 
lar in its detail of structure to those microscopic units of the plankton. 
The unity of life is expressed not only in this simple, fundamental mode 
of beginning in all individuals, but likewise in a variety of other ways. 
As the units of the plankton are immersed in an enviroment of sea- 
water from which each draws the food and oxygen necessary to its 
existence and its activities, so those tissue units, the cells, which form 
the ultimate structural basis of the bodies of all animals and plants 
above the Protozoa and Protophyta, are bathed in the watery lympa 
that soaks out from the main currents of the blood, rich in food and 
oxygen. This relational feature between the plankton elements out of 
which all life has arisen and the structural elements of more highly or- 
ganized bodies, appears to bear on its face more than a mere parallel- 
ism. It is rather of the nature of a transcendent hereditary link, a 
stamp, as it were, of ultimate origin, the same relational conditions 
persisting between organism and environment from the beginning. In 
fact, it could not be otherwise, for the events in the developmental proc- 
ess are but the expansion and elaboration of an original and funda- 
mental relation between life and its environment. The freely moving 
plankton element becomes later a unit in the aggregation of moré 
fixed elements in the body of polyp, medusa or sponge into which the 
water must circulate to bring the required food. In the still more com- 
plex structure of higher organisms the water becomes incorporate in 
the tissues as blood and lymph. In its simplest form, as in the sponge 
body or the polyp, the immersing water is drawn through a mouth-like 
opening into a space or cavity, the most primitive type of digestive 
sac or canal, where the digestive and circulatory functions have not as 
yet been divorced. In further stages of evolutionary advance the cir- 
culatory scheme becomes more or less separated from the digestive area 
and distinct systems thus arise. In this circulatory medium or. blood 
many primitive unicellular bodies, the leucocytes or white corpuscles 
are afloat, a veritable plankton within the organism. 
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This unity of all living forms is again apparent in the ultimate 
nature of the reproductive increase of individuals by the process of 
dividing units. It is conceivable that the entire plankton arose in this 
way from some archaic mass of living matter endowed with the energy 
to divide its substance. And this is the only method of increase 
throughout the whole realm of life from the lowest and most simple to 
the highest and most complex—each and all start from a single unit 
with the potentiality to divide its matter into innumerable other units. 
In the plankton protozoa these resulting units always remain segregate 
and free entities, but in all the forms above these there is a holding 
together of the units, an aggregate of the entities that have been 
formed by the division of the primitive cell unit or ovum. Out of this 
aggregate the animal or the plant body is fashioned. While the simple 
plankton unit (ameeba, foraminifer, or other form) reacts under the 
stimulus of environment, utilizing food material and oxygen and 
dividing itself into like units, the units that become aggregate to form 
the bodies of higher organisms lose more or less of this ability to live 
each unto itself. They become dependent one upon the other, and here 
the principle of organization becomes apparent, and that remarkable 
law of the division of labor whereby certain sets or groups of units are 
told off for some line of work in which they have become specialized 
and supreme at the expense of all the other functions. Organization, 
then, may be said to proceed by the relegation of the individual units 
to specialized labor for the good of the whole. 

Of the several groups of organs arising by this division of labor 
that of the nervous system is the one most peculiar and distinctive of 
the animal body. The irritability and general response to outside 
stimuli that is exhibited by the living substance of primitive, unicellu- 
lar beings is in the higher forms perfected into an elaborate sensori- 
motor group of tissues through the principle of organization. Its 
structural beginning is in the outermost of the two elemental tissue lay- 
ers—the ectoderm—and this is significant, inasmuch as this ectoderm 
is the contact layer of cell units, the one directly in touch with the en- 
vironing media. Out of the substance of these units is spun the web of 
cell and thread that links the animal with its world. This nervous mat- 
ter appears of an innately “purposive” and “memorial” nature, in 
that bodily form and structure are modified under its influence and 
many sorts of stimuli, caught up from the surrounding world, are in- 
delibly impressed and retained. The resulting responses of the organ- 
ism to the environment thus become instinctive reactions. 

The ancestral type of vertebrate animal undoubtedly existed in a 
form similar to, if not identical with, the amphioxus, which in all 
probability emerged from some line akin to the segmented worms with 
a peculiar specialization of the structures enveloping the central nerv- 
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ous system and intimately associated with its development. The 
drifting forms of the plankton are eminently pelagic (of the open sea) 
and represented by the lower and more primitive types. Where the 
ocean laps over the continental shelf, as increasingly shoal water to the 
littoral, another mode of life becomes more or less characteristic—that 
of the Benthos, or forms that have developed either a fixed habit of life 
like the polyps and the crinoids, or those whose locomotory apparatus 
is adapted to slow crawling and creeping movements on the sea bottom 
or to burrowing in the sands and mud. The origin of the vertebrate 
type is thus distinctly related to this mode of life since amphioxus 
finds its habitat in the waters and sands of the littoral. Thus viewed, 
the vertebrates appear as a result of the process of continental uplift, 
the earliest environment of the primitive type being the marginal zone 
of sea. 

The paramount fact in the development of the vertebrate is the 
central nervous system, the advance through its several genetic types— 
fish, amphibian, reptile and mammal—being in the increasing com- 
plexity and relative enlargement of the brain structure. This develop- 
ment is carried up through the mammal until it emerges in man as the 
one supreme organ of existence, the functioning of which has carried 
the type immeasurably beyond the limits of the material organic world. 

The notable fact in this phenomenon of the human brain is that it 
has arisen, as have all other organs, by an infinitely long and slow 
process of development from the lowest vertebrate type of central ner- 
vous structure, and beyond this again from ganglionic masses of nerve 
cells which had more or less of a distinctive control of each form, 
throughout the whole line of descent, becoming simpler and less de- 
fined structurally until it disappears in the general diffuse irritability 
of some plankton protozoan. What is known as the “ fundamental law 
of biogenesis,” whereby each individual recapitulates the successive 
stages of development through which its ancestors have passed, must be 
as true of the brain as of other structures. It seems probable, there- 
fore, that the brain of man, in common with the brains of many other 
animals, possesses certain fundamental endowments which have been 
derived from primitive types. This must find expression in certain 
distinctive reactions which are not only individual in the limited sense, 
but are worked out as a part of the individual’s subconscious or instinc- 
tive life in relation to the whole mass of individuals of the species 
which constitutes population. 


IV 
What I wish to make clear in this thesis is (1) that the phenomenon 


of human population and of the human social state is not the result 
of any particular human faculty, but is consequent upon the fact that 
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the human brain is an integral part of the world of animal life. (2) 
That human society is an organism made up of diverse units and is 
the product of the same forces and processes which have produced the 
bodies of individual organisms. (3) That the brain units or cells in 
man have instinctive reactions toward organization, as a result of their 
descent from plankton units, the protoplasm of which possessed the 
same tendency that resulted in the formation of the primitive animal 
body. The law of the division of labor is operative alike in the forma- 
tion of the bodily organism and the social organism. In certain hy- 
droid polyp stocks it is a question whether the branched colony should 
be regarded as an individual and its component zooids, both nutritive 
and generative, as organs developed under this law of the division of 
labor, or whether each zooid is an individual united with other indi- 
viduals into an organized community. The point lies in what we are 
to regard as an individual, or as defining an organ. Indeed, it seems 
quite probable that in such a type the terms “ individual” and “organ” 
might be taken as meaning one and the same thing. It is no mere hap- 
hazard expression, this extended use of the term “organization,” both 
as to the bodily structure of the animal and the social structure of pop- 
ulation. Each alike has arisen from the same basic principle inherent 
in living matter. 

The tendency of units to form aggregations is seen in many groups 
of lower animals; the social insects, as ants, bees and wasps; the flock- 
ing of birds and the nesting communities of many species; the vast 
“schools” of various kinds of fishes, and the “herd instinct” among 
the antelopes, deer, cattle and other mammals. We see in all this the 
instinct to draw together for mutual advantage and protection, but being 
instinctive, it is unconscious, not in any sense an individual act in itself. 
It is an expression of a primitive function of living matter carried up 
and working out through the living matter of brain cells which are as 
much aggregates of units as the floating masses of the plankton. Human 
population rests on this same fundamental biological fact. This, I am 
aware, has been frequently pointed out by both biologists and sociol- 
ogists, and yet, I am sure, it will bear a further analysis. 

Various features relating to the individual, as the comparative anat- 
omy of parts, the significance of vestigial structures and of embryonic 
characters, certain atavistic tendencies in childhood, problems of a 
physiological nature and numerous instinctive reactions, have been dealt 
with at length by biologists and anthropologists as proof of the animal 
nature and origin of man. The question of population as an organism 
that has developed from the same basic principles and under the same 
laws as other organisms has not, however, received as much attention. 
Certain institutions, for example, which on their face are apparently of 
entirely human origin and in nowise related to the lower world of ani- 
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mal life, have, nevertheless, arisen solely as the result of this principle 
of organization, inherent in brain cells, from an ancestry of lower types. 

The activities of the animal center about the two dominant functions 
of reproduction and the acquirement and the appropriation of food. 
Population, in ultimate analysis, is busied about the same affairs, and 


the expansion of the organizing principle appears in the exploitation of 
natural resources and in trade. No matter how far removed the activ- 
ities of business may seem from anything that pertains to the natural 
conditions of animal existence, they are fundamentally related to just 
these two primary factors of life—food and sex. In like manner the 
other seemingly purely human manifestations—social relations, govern- 
ment, and all that pertains to these, are organized powers for furthering 
the food and the reproductive relations of the species. 

As Ratzel has remarked, it is no accidental simile that the word 
“culture” is used to indicate the acquirement of a certain power in the 
use of various outside contrivances for furthering existence other than 
those endowed by nature; for it is the direct outcome of the very root of 
a population’s energies—“ agriculture.” Here is an organization of 
powers directed toward increasing the food supply through that great 
basis of resource—the soil. All life, both plant and animal, is directly 
related to soil, and in exploiting it man is only increasing its potential! 
energy as a source of food. Intelligence is at basis the organization of 
brain cells directed primarily to this end of soil culture, and the degree 
of a population’s advance, or its state of culture, is directly proportional 
to its ability to get the largest yield per capita of food plants from a 
clod of earth. A people that has thus cultivated the soil up to its limit 
of production, so that it yields just the full amount of food required to 
maintain the normal functions of each individual, and the consequent 
up-keep of the birth-rate, has reached what Woodruff calls the “ satura- 
tion point.” Beyond this the land is over-saturated in relation to popu- 
lation, an additional increase causing food shortage. An under-satu- 
rated land is one of potential possibilities. The whole question turns 
upon the intelligent exploitation of the soil; a people of low agricultural 
instincts may occupy a land that would yield a hundredfold to another 
people of high agricultural instincts, and yet for want of tillage this 
first people may represent a mere handful at starvation point, and the 
land in relation to this scanty population be over-saturated. Just such 
a condition prevailed among the aborigines of America; they were 
mainly a scattered, non-agricultural hunting folk, living a hand-to- 
mouth existence in a land that later was capable of supporting many 
millions of intelligent, agricultural Europeans. 

The history of nations is largely a record of warfare, and this war- 
fare, is, in ultimate analysis, an effort to acquire more food. Super- 
saturation brings about migration, and migrating hordes must fight their 
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way into new territory. Organization develops a superior fighting body 
of population, and this has passed, in its higher phase, from mere battle 
and bloodshed to the problem of trade expansion and commercial 
supremacy. It is still one and the same in its basic principle. Popula- 
tion is subject to the same laws of universal energy under which al] 
material things operate. Nomadic peoples are kinetic, continually on 
the move with their flocks and herds, continually at war, and always 
expending energy. Agriculturists, on the other hand, are static, build- 
ing up energy in the form of plant food which is potential in nature. 
History is one long drama of events in which the aggressive, kinetic 
nomad is forever trying to absorb the potential energy of the agricul- 
turist, swooping down out of the desert and the grasslands on the rich 
agricultural communities of river valleys to become the ruling power for 
a time, thriving at the expense of the conquered agricultural laborer, 
energizing the mass of population, an effective motive power of organi- 
zation, absorbing the food potential, creating wealth and ultimately being 
absorbed itself in the great static body of the people. Mesopotamian, 
Egyptian, Persian, Grecian, Roman, Barbarian, Celt, Saxon, Norman 
Slav, Hun, Turk and Manchu—each alike has battened and waxed 
great on the potential of some agricultural people. Every war of con- 
quest, every rise of empire and civilization, is but the expression of this 
conversion of food potential into active, kinetic processes of organization. 

Various phases of animal life assert themselves as by-products in 
the general trend of organization. Two of these—symbiosis and para- 
sitism—are worthy of note inasmuch as they appear not only in the 
lower world of animal life, but likewise, in the social organism, as a 
result of the same fundamental conditions. The domestic animals and 
man is as much a case of symbiosis (the living together for mutual 
advantage) as is that of the ants and aphides, or the polyp and the 
hermit crab, for both derive an advantage from the care by one and the 
labor and resources of the other. Parasitism appears in social organiza- 
tion in the form of pauperism and in the position of woman under cer- 
tain phases of culture. 

Woman represents a potentially nutritive principle, one that is very 
widespread throughout nature and life. The male has not only contin- 
ually liberated this potential energy in the normal function of race 
increase, but has also utilized the woman’s powers in agricultural and 
domestic conservation. Her individual energy was absorbed in the gen- 
eral race energy, which the male exploited by virtue of his greater kinetic 
activity. The modern phase of aggressiveness in woman is part of a 
general development of individualism throughout population at large, 
irrespective of sex, and is not to be regarded as a special and peculiar 
manifestation of the modern female. Under certain aspects it partakes 
of the nature of a mob movement, a rising tide of emotional disturbance 
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THE MISSISSIPPI GULF THREE MILLION YEARS <A 


By Proressor EDWARD W. BERRY 


THE JOHNS HOPKINS UNIVERSITY 


t traveler from Chicago to New Orleans, if on the fastest 
leaves Cairo, Illinois, at 3.40 a.m. and covers the 566 
to the Crescent City in 17} hours. Little does he realize that all! 

while the train is speeding along an old bed of the sea. 

At the dawn of that stage of the earth’s history, which ge 
call the Cenozoic or era of modern life, the waves of the Gulf of Mi 
rolled northward as far as southern Illinois. This area of submerge 
which was covered many times by ocean waters during geologic 
has been called the Mississippi embayment or Gulf. It was no nar 
arm of the sea like the Gulf of California, but a broad expanse of 
with its shores receding rapidly from one another as they passed t 
southward. At Jackson, Mississippi, the traveler is over one hund 
miles from the old eastern shore and the western shore is more than 
miles to the westward. 

The old eastern shore bends to the eastward in Kemper 
Mississippi, and all the region to the southward was under water. 
sites of Memphis, Meridian, Vicksburg and Shreveport were all 
merged, although the water was never very deep, as is shown 
forms of marine life preserved as fossils in the sediments. Probal 
ship, if there had been ships in those ancient days, could have anc! 
anywhere in the Gulf, since it was nowhere over 50 fathoms deep a: 
throughout most of its area it was much shallower. 

Perhaps a long familiarity has bred an indifference to the wo 
of the past hidden in the sands and clays of the eroded hill country, 
more likely the story that they have to tell is entirely unsusy 
Geologists have studied these sands and clays, collecting the fossil sh 
and petrified woods from the sands and the impressions of leaves 
other parts of plants entombed in the clays. They have named and 
scribed many of these ancient forms of life, both the dwellers in 
sea and on the land, and have mapped the landward margin of 
deposits that give us a picture of the position of the old shore lin 

The Cenozoic era is divided into distinct periods the oldest of w 
the Eocene period, or dawn of recent life, is so named since its 
contain forms foreshadowing our existing plants and animals. 
the geography and other physical conditions of the lower Eocene 
region to which I wish to direct attention, paying especial heed 
character of the vegetation that clothed the lower Eocene shores. 
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goons and bayous, preserved as delicate MpPressions « eaves, flowers 
nd fruits hermetically sealed as thi sa al vers ered bv the 
fine-grained muds that formed the clays. Their remains in regions 
at were swamps, or where the lagoons were s t off vers W 
weir seasonal loads of sediment, on the one hand, a re likewise sep 
irate from the sea by barrier beaches, o1 the other, rotted and accumu 
te o form the beds of lignite so common thi or} yy e Gulf states 
ind now mined in many places, part al n Arkansas a aver 
The area of this lower Eocene Mississ G s showl the 
companying sketch map (Fig. 1). 
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shown in Fig. 1 


fixed as a date 


The title of this article places the antiquity of the Mississippi G 


as al 


in In 


proximations to dates in human history antecdat n written records, 
Geologists have used a great many methods in their efforts to compute 
the lapse of geologic time, the most readily understandable being that 
based on the thickness of the sediments and their rate of accumulation. 
If sediments only accumulated at given rates throughout all time and 
were never washed away, it would be possible to translate thicknesses 
into years with considerable accuracy. With the uncertainties surrot 

ing the problem, the most careful calculations are only approximations 
—useful enough in a way and s rving tO give a iall accurate ral 


when one geologic period is compared with another 
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mean but little to mortals, the most far sighted of whom rare] 
longer terms than decades or generations, and one can obtain a 
impressive concept of the remoteness of this period from the absey 
that time of the immediate ancestors of anv of our higher animals 
there were ancestral horses thus early, they were small as foxes 
had five toes on all rour feet, If the re were ancestral elepha ts, 
had a full complement of teeth, and their incisor teeth had 1 
menced to lengthen into tusks or their upper lip elongate into 
The huge uncouth reptilia of the age of reptiles still lingered 
land. The forests were filled with extinct trees and were mor 


those of B ~ i} >ni . hs li] . 
LnOse O raz In their phvsiognomy than like any now 
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Fic. 2 A Recent VIEW TO ILLUSTRATE THE PROBABLE APPEARANCE OF A I 
EoceNE BAYOU ON THE NORTHERN MISSISSIPPI! 


southern states. The loftiest modern mountains—the Himala 
like the Alps, had not yet lifted their heads. Man was not ev 
promise and we may be sure that whatever the exact number of y 
thousands of years multiplied into millions. And yet it is poss 
piece together a very satisfactory picture of the life and its environn 
from a combination of the study of the character of the sediments : 
of the forms of life they contain. 

First of all, the shores were low and the streams were slow 
meandering, expanding in their lower courses into broad fores 
swamps and winding bayous inhabited by crocodiles. Such a bay 


indicated by the deposits near Oxford, Mississippi, where rive 
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nd in the clays and the dri r 
ich broken. In other lavers one finds 
palm, sometimes three feet across 
almetto that must have been exces ng a 
Else where one can trace the outline yt these 


ick clays, and sometimes, where sand and s 
ampv estuary, the vegetabie materia nas 


ments, as al Hoyt. Texas, where n 


e narrow winding coal bed for a distance of! 


ybable appearance of such a bayou is indicate 
Beyond the strand there stretched lagoons 
de and at times complet shut off fron 
vered with strand plants which form 
neets with in the present-day tropics e ¢ 
andlocked lagoons is marked to-day bv the le) 
edded in the sands and narrow] Cl iI | 


parallel with the old shore e. The climate of th . 


mild, for we find traces of the breadfriut tree in A sas al L, : 
ana: a host of fig trees, camphor trees and rain trees in Tennessee. al 
nalms everywhere. The character and quantity of the vegetation shows 
also that the rainfall was abundant 

A total of over 350 ditt rent species of plar ts ive hee! Llescripe 
from these deposits, and some of the plat ts recognized are of exce} 
tional interest. ‘There are great quantities of camphor trees 
laurels, the former so abundant to-day in the Or 


common in northern South America The fic. or _ fan 


furnishes a large number of spe¢ es, im ludu ¢ three or ’ Terant 
members of the breadfruit tribe. Another ver a 

Leguminose which, to mention only su moder —_ 

relatives In the lower Kocene. nelude our aca is. S s ts. 


rosewoods, Judas trees, rain trees, sennas and horsebeans. Ot] 


cla ly well represented fam lies are the soanbert (Sal 
(Myrtacew ), sapota (Sapotacew) and combri m (¢ 
Among the more interesting finds was the remains thy fa 


Nipa palm. The modern Nipa comprises but a single gre; 


] } 


inhabiting the tidal waters of the Indian ocean and rangi! the 


} 


Sunderbunds of the Ganges through Malaysia to the Philippines. It 
s a stemless form with clusters of gigantic pinnate leaves 


from the mud of the tidal flats. The nuts are borne in clusters l re 


Sandie 29’ « 


semble small, ribbed coconuts. The estuaries of the Ganges 
oriental streams, as well as ocean currents off the southeast 

j Asia, often carry large numbers of these nuts their drift. « 1s 
did the currents along the shore of the lower Eocene Mississ 


bayment and in the Eocene estuaries 
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Belgian basin and southern Russia. The habit and environment 

modern Nipa are shown in Fig. 3. The mild climate of the Kocen 
world wide in its extent and similar Nipa nuts have been fou 
Europe at that time as far north as southern England. They ar 
ceedingly common in the estuary clay of the island of Sheppevy jr 
Thames basin. None, however, have previously been found in the y 


western hemisphere. 








Fic. 3 A TIDAL Nipa PALM SWAMP IN THE PHILIPPINES TO ILLUSTRATE | 
EOCENE CONDITIONS IN Mississippi, (Courtesy of Philippine Bureau of Scier 


Another exceedingly interesting find was the winged fruits as 
as the leaves of several species of Engelhardtia. Engelhardtia is a 
genus of trees belonging to the walnut family, but, unlike the walnuts 
and hickories, the seed part of the fruit has remained small, thus faci 
tating the production of a large number of seeds. The bracts. whi 
are inconspicuous in the walnut, have become enormously enlarged i! 
the Engelhardtias, so that each seed has three large wings to aid its 
dispersal. In our lower Eocene the oldest known representative of 


ea 


these trees shows the initial type of the winged fruits, so much mo! 


primitive than Lngelhardtia that it is referred to a new genus nam 
Paraengelhardtia. Associated with Paraengelhardtia are true Eng 
hardtias, also the oldest known, and both are new to the western hen 
sphere. The modern forms number about a dozen, and all but one o! 
these are confined to the Orient, where they range from the northwest 
ern Himalayas through farther India and Burma to Java and the 
Philippines. One form, probably a descendant and relic of this abun- 
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dant Eocene display in the Mississippi embayment region, is still found 
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in the mountains of Cost Rica, and a considera r al 
the upper Eocene and later Tertiary of centra 


Sometimes such delicate objects as flowers are preset! 


lavs and two of these are shown in F l. nT rver wit! 











Fic, 4 FOSSIL FLOWERS FROM TH Low! E0cEN! ‘ ‘ 
a, Combretanthites as photographed; b, Restoration f ‘ Ss 


photographed; d, Restoration of the sams 


exserted slender stamens and large anthers is named ( 


or Combretum flower. and belongs to the family Combretacex. 


minaliacew, as it is sometimes called. The fam omprises about 1¢ 
genera and 285 existing species of shrubs, trees and tropical 


on all the continents except Europe and Antarctica Mat 


forms are strand types and several are characteristic of the tidal 1 


grove swamps. Nine spec 1es belong ne to this tam al rel 
the genera Combretum, Terminalia, Conocarnus, and Laquncula) 


found in the lower Eocene of the Mississippi embayment. 


two are mangrove plants, occurring in swamps on both san 
muddy bottoms in brackish tidal waters. Both are distribut 
ocean currents from tropical America to the west coast of A 


Laguncularia, the buttonwood or white mangrove, has neve! 
fossil before, although we find both leaves an truit n the clavs 


Mississippi and Tennessee. Only one other fossil occurrence of ( 





carpus is known and that is European and much later in age. 
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The second flower figured is called Solanites, since it belongs t 



























night-shade family or Solanacesw, the family that contains our mo 
potatoes, tomatoes, tobacco, etc. The family is a large one in exist 
floras and mostly tropical in its distribution but its geologic histo: 


almost entirely unknown. One other Solanites flower has bee: 


scribed from somewhat younger deposits in southern France. 





Fig. 5 RESTORATION OF LoWerR Eocene DALBERGIANS FROM TY 
composite of Dalbergia monospermoides (fruit) Dalbergia wilcoxiana the 
left) Dalbergia eocenica (leaflets at right) 


A genus of trees which were very abundant in the lower Eoc 
both this country and Europe belongs to the oak family or Fag 
It is entirely extinct and is called Dryophyllum. Its leaves ar 
like those of the modern chestnuts and chestnut oaks, and thi 
very abundant throughout the lower Eocene of the Mississipp em 
ment, several species being represented. Dryophyllum is consideré 
represent the ancestral stock from which the modern oaks a1 
nuts descended. 

Among the Leguminose, which I have already mentioned as |» 
very abundant, are several which deserve some special comm 
Among these are seven species of the genus Sophora, evidently stra 
types, and one of these, which was exceedingly abundant in west Ti 
nessee, is scarcely to be distinguished from the existing cosmopolita 
strand plant of the tropics, Sophora tomentosa. Another interest 
find belonging to this family was the trifoliate leaves of two species « 

Canavalia, the first ever found fossil. One of these is almost identica 

with the existing vine Canavalia obtusifolia, a widely distributed tro 

ical strand plant, found in abundance on the sandy beaches of the West . 
Indies, prostrate on the sand or clambering over the beach jungle. A 
third genus of this family, Dalbergia, to which the rosewood of con 
merce helongs, is represented by four species. The leaves ot two 
these combined with the characteristic one-seeded pods as they occur 
the clays of western Tennessee are shown in the restoration, Fig. 
Another leguminous genus exceedingly abundant in our lower Eocen 
where it is represented by eight species of leaves and pods, is the ext 
genus Gleditsiophyllum. <A restoration of the commonest form wh 


greatly resembled our modern honey locust is shown in Fig. 6. 
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Fic. 7 RESTORATION OF A Fossin. CASSIA A NDA I I 
MISSISSIPPI AND TENN ' 
and varied, between three and four hundre Toe en dé 


scribed from the warmer temperate and trop es of all th n 
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tinents. They are especially common in tropical America and ha 



















long geological history extending from the Upper Cretaceous age to 


present. Twelve different species have been discovered in ft] 
Kocene of the Mississippi embayment and a restoration of on 


that had both its pods and leaves preserved is shown in Fie. 7 





Fic. 8. RESTORATION OF PALIURUS based on Fruits and Leaves 


Eocene of Mississippi and Tennessee 


A family of plants no longer found in temperate North America 
the family Sterculiacew, which also has a long and interesting geologica 
history extending from the Upper Cretaceous to the present. Amor 
the fossil leaves of the lower Eocene are an abundance of large three 
four or five lobed leaves, eight to ten inches across, of a magnificent 


/ 


Sterculia, scarcely distinguishable from the modern Asiatic Sterculi 
platanifolia, which is often cultivated in the parks of our souther 
states. There are also large five-celled capsules of two species belong 
ing to this same family. These I have called Sferculiocarpus, sinc 
they are not exactly like those of any of the existing genera of this 
family. 

[ will mention but one other of the 63 families that are represented 
in this remarkable lower Eocene flora. 

The buckthorn family or Rhamnacee has furnished no less that 
fourteen fossil species in this area, representing the genera Rhamnus, 
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Rhamnites, Reynosia, Zizyphus and Pa 


varied with six species. The enus P 


only because it 1s represented b thy ery 


as DY the leaves, put hecaus t has such an 


and was formerly cosmopolitan. In the later 


re] 


in the existing 
southern Europe through southern Asia t 
forms are found as early as the Upper C 
least a dozen species, all North America 
inelv indicating an American origin for th 
common in the lower Eocene of the embay 
eltate fruits are not rare, al the tw 
ata for the restoration shown in Fig. 8. 
One might cover many pages with com 


vaceas, cedrellas, laurels, bombaceas, a 





other interesting fossil p 0 
of this far-distant chapter of eart stor 
kind that contained types that invads 
een rather fully described recently and 1 
more about it is referred to the publish 

It must not be supposed that the stra 
a striking and constant geographic feat 
porition shown in Fig. 1. The stran 
times, as it has always done in all parts 
however, move with such extreme slowness 
standards that such changes are not perc 
At the beginning of the Eocene the coast 
was far to the southward, almost where it is 


the sea northward to the mouth of the O 


quiring some thousands of years for its accon 


by an observable evolution in the life forn 


This constitutes one of the practical applicat 
given a collection of fossil plants or shells, 
the geologist whether a particular stratum is 
what niche of geologic time to fit his coal 


1 Professional Paper 91. U. S. Geol. Surve y 


flora it has o1 ly two sne 
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THE PROGRESS O1 


THE SCRIPPS INSTITUTION Fo 
BIOLOGICAL RESEARCH 
THE new wharf and library-mus 


Biol ical Research of the Universit 


ogi 


building at the Seripps Institutio1 


of California, at La Jolla, made 
sible by the oilt ot the 1000 
Miss Ellen B. Seripps in 1914, 


dedicated last summer President Ber 


jamin Ide Wheeler, of the University 


of California, presided, and short a 


tresses were made DV kex-chanes ? 


David Starr Jordan, of the Lela 


Stanford Jr. University: Director D. T 


MacDougal, of the Botanical Resear 
Department of the Carnegie Institutio 


of Washington; Professor G i 


Parker, of Harvard University, and Dr 


Wm. KE. Ritte -. the scientifi lirector 


of the institution 


The wharf, one thousand feet ” 
and twenty feet wide, Is of reinforces 
concrete except the deck. At its sea er 


are the pump for the salt water 


latory system with the electric mot 
for running it,a tide gauge,a self y 
istering thermometer for keey no the 


temperature of the sea Vater, a 


rent meter, a small naturalists’ house, 


two sets of davits for hoisting smal 
boats on to the wharf, two companion 
Ways, one on each side, which can be 
lowered and raised by winches pro 


vided for the purpose, and various co 


trivances to facilitate the ork of 


handling boats and making collections 


and observations from the wharf 


This addition to the nstitution ‘’s 


**plant’’ very greatly increases the fa 
cilities for carrving out the marine part 
of the research program Besides s¢ 
curing to the research and exhibitior 
aquaria an ample supply of ocear 

water (the site of the institution is o1 
an open coast), it makes a large nun 


ber of animal and plant species of the 
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an assembly hall, are likewise on the 
second floor. 

On the first floor are the business 
office, the meeting room for the local 


board of administration, a curator’s 


room, and, covering the major part of 
the whole space, the exhibition 
These 


and oceanographic and are 


tions. exhibits are biological 
being de 
veloped with a two-fold end in view; 
one strictly scientific, the other educa 


As 


investigations 


tional. taxonomic and distribu- 


tional are, and it is an 


tir ipated will continue to be, important 


parts of the institution’s work, a care- 


fully identified and well-arranged dis 
play of as much as possible of the 
fauna of the region is deemed an in 


dispensable adjunct to the scientific 
work being prosecuted. 
By 


lie and devoting some care and 


opening the museum to the pub 
funds 
to making the exhibits intelligible, it is 
hoped visitors may learn about what is 
done in the laboratories, at 
the field. With the build 


ing now in use, the original building is 


being 


Sea, 

and in new 

devoted exclusively to what it was de 
research laboratories. 

the 

seum building there have been erected 


signed for 


Besides wharf and library-mu 


during the year an additional structure 
for the investigations of inheritance and 
mice; a 


environmental influence’ in 


small public aquarium; a ‘‘commons’’ 
with dining room capacity for about 


forty persons; and nine additional cot 


tages for citizens of the. ‘‘ biological 
colony.’’ 
BY-PRODUCTS OF THE FORESTS 
IN addition to the ordinary uses of 
wood with which we are familiar, we 
are dependent upon the forest for a 
variety of products whose appearance 
does not indieate the ir origin. Aeecord- 


ing to a bulletin of the Forest Service, 
learning of new 
constituents which enter into the make 


science is constantly 


up of wood and is finding new uses to 
which these constituents and those al- 
ready known can be put. Powder for 


munitions or blasting, disinfectants for 
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protection against contagious 


silk for 


among the products obtained in 


ilseases 


and = artificial clothing ar 
whol 
or in part from wood. 


Charcoal, as every one knows, is es 


sential for the manufacture of bla 

powder. All the acetone used as a 
solvent in making nitrocellulose powders 
is derived from acetic acid, a product 


of hard-wood distillation. Great Britain, 
it is said, is dependent upon the United 
States for acetone used in making cor 
dite. Black 


gunstocks, and has been so much in de 


walnut is a standard for 
mand for the past two years that our 
supply of this valuable wood has bee: 
considerably reduced and other woods 
birch, 


From Europe comes the complaint that 


notably are being substituted 


there is a shortage of willow for mak 


ing wooden legs. 
wood alcoho! 


Pure is the only sub 


stance which can be converted comme: 
into formaldehyde, which is w 


for 


cially 


used disinfection against 


versally 


such contagious diseases as smallpox, 


The 


»} 
4aAdDo 


scarlet fever and tuberculosis. 


experts at the Forest Products | 
ratory have conducted extensive exper 
ments on the production of grain or 
ethyl alcohol from wood and have been 
successful in experimental work in rais 
ing the vield and lowering the cost of 
production. If this process can be put 


on a commercial basis, the foresters 


say, it will result in putting the mil 
lions of tons of coniferous sawdust and 
other material which is now wasted 
every year to a profitable use. 

By 


elements of 


converting cellulose, one of the 


wood, into a_ gelatinous 
material, known as viscose, a wide field 
is opened up for the utilization of 
wood waste, and a new line of products, 
varying all the way from sausage cas 
ings to tapestry, is added to the al- 
ready lengthy list. Many of the so 
called ‘‘silk’’ socks, neckties and fancy 
braids now on the market contain arti 
ficial silk made from wood. 

About nine tenths of all the paper 
which we use is made from wood. Be- 


sides the detailed investigations of the 
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THE LATE KAKUZO OKAKURE, THE JAPANES!I iH 
MUNSTERBERG, OF HARVARD UNIVERSITY This photograpl 
been published, was taken at the time of the Internatior Congress \ ] 
Science for the organization of which Professor Miinsterberg was ge 


sible. 
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methods of making newsprint paper, 


and of the production of paper from 
hitherto that 


pose, which have been conducted, kraft 


woods unused for pur- 
paper, which compares favorably with 
the best on the market, has been pro 
duced the 


Products Laboratory from longleaf pine 


experimentally at Forest 


mill-waste. This kraft paper is brown in 
color and is very much stronger than 
for a 

into 


used 
eut 


papers. It is 
and, 


ordinary 


variety of purposes, 


strips, is spun or twisted into thread 


which is then woven into onion and 


and 
and 


bags, matting, suitcases 


coffee 
wall covering, similar to burlap, 
furniture closely resembling that made 
from reeds, as well as other articles of 
common use. 
Within the the Forest 


past year 


Products Laboratory has, by ecoopera- 


ting with manufacturers, succeeded in 
getting a dye made from mill-waste of 
osage orange put on the market as a 
substitute for fustic, which we import 
from Jamaica and Tehuantepec. 

These are only a few examples of 
the various lines of work carried on at 
the Forest Products Laboratory. Other 
activities, ranging all the way from the 
study of decay in wood to that of the 
resistance of wood to fire, are in prog 
ress, and new discoveries are constantly 
Incidentally, the Forest 
Madison, 


being made. 
Products Laboratory, at 
Wis., was the first of its kind in the 
and is probably still the best 
With the possible exception 
of Germany, no other country has done 
as much as the United States 


tematically to investigate the possibili 


world 


equipped. 
svVs 
ties of its forest resources. 


ITEMS 
death of 


SCIENTIFIC 
record the 
Tylor, professor 


WE regret to 
Sir Edward Burnett 
emeritus of anthropology in the Univer- 
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B. A 


tion of a 


sity of Oxford; J. Chauv 


member of the se , 
of the 


of Dr. E. 


Paris Academy of Sciences ay 
Gaupp, professor of anator 


in the University of Bre 
Dr. Julius Stieglitz, 


the 


professor 
chemistry in University of 
cago, has been elected president otf 
American Chemical Society. Dr. Stieg 
litz has also been elected president 
Xi. The go 


Astronomical S 


the Society of Sigma 
medal of the Royal 
ciety has been awarded to Mr, W. 8S 
Adams, of the Mount Wilson Solar O 
servatory, for his investigations in st 
lar spectroscopy. 

The Elisha 


Geographical 


Kane medal of th 
Philadelph 


Williar 


Kent 
Society of 
has been conferred on Dr. 
Curtis Farabee for his explorations 
the Amazon Valley. The 
Columbia University have given a 
the 


alumn 


ner in recognition of university ’s 
contributions to science and engineer 
The guest of honor was | 


> ‘ . 
rotesso 


ing. 
M, I. 
fifth year of service to the 


Pupin, who completes his twenty 


university 


At the annual meeting of the tr 
tees of the Rockefeller Foundation 
George E. Vincent, president of 


University of Minnesota, was e 
president of the foundation to su 

Mr. John D. Rockefeller, Jr., who was 
appointed chairman of the board of 
trustees. Messrs. Charles E. Hughes, 
Julius Rosenwald, of Chicago, and Dr 
Wallace Buttrick, chairman of the Ger 

Education Board, were also electé 

Mr. Edwin 


secretary of 


eral 
Rogers En 
Yale Un 
versity, was elected secretary to su 
ceed Mr. 
Marion L. 


trustees, and 


bree, assistant 
Jerome D. Greene Dr 
Burton, president of Smith 


College, has been elected president of 


the University of Minnesota to succee 
Dr. Vincent 





